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Fundamental developments in the field of 
plant growth regulators 


John W. Mitchell 


Physiologist, Crops Research Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Beltsville, Maryland. 

Since the discovery of the compound indoleacetie acid about 20 years 
ago, we now have more than 1,000 organic chemicals that have plant growth- 
regulating properties. We have studied these regulators, which are con 
sidered a class of biologically effective compounds, by first observing the 
many ways that plants respond to them. We then have attempted to ex 
plain on a chemical or biochemical basis the mechanism of action that ac- 
counts for each response. Many discoveries of practical importance have 
resulted mainly from the study of plant responses to regulators (VanOver- 
beek 1952, Wain and Wightman 1956 

The objective in this report is to review some of the major develop- 
ments in this response type of research, to consider current developments 
in this field and to point out some agricultural problems that lend them- 
selves to research with these chemicals’. 

CELL ENLARGEMENT AND MULTIPLICATION. Chemiecally- 
induced cell enlargement represents the first major step toward understand- 
ing how growth and behavior of plants can be controlled with regulating 
chemicals. It is believed that this cell reaction involves changes in the wall 
that allow the cell to absorb water and increase in size. Various investigators 
have suggested that loosening of the wall material, the deposition of new 
wall substances or non-osmotie water intake may occur in a cell under 
influence of the regulator. Any of these wall responses might increase water 
movement into the cell and partly account for cell enlargement (Bonner, 
Ordin and Cleland 1956, Brauner and Hasman 1952, BurstrOom 1953, 
Cleland and Bonner 1956, Tackett 1952, Kobayashi, Hatakeyama and 
Ashida 1956, Levitt 1948, Ordin, Applewite and Bonner 1956, Thimann 
1951 and Went and Thimann 1937). Indoleacetic, 4-chlorophenoxyacetic, 
naphthaleneacetic and 2,4-dichlorophenoxyacetic acids are among the regu- 
lators that induce cell enlargement associated with water intake. An in- 
crease in the water-retaining capacity of cells that responded experimentally 
to these chemicals was observed when plants were sprayed with 4-chloro- 

Since this review covers developments that stimulated the publication of thousands 


of technical articles in the field of regulating chemicals, only a few references pertain 
ing to the early research connected with each development can be cited. 
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phenoxyacetic acid (Mitchell and Marth 1950). The enlarged cells of bean 
pods, for example, retained moisture more readily than did untreated ones 
under experimental conditions that favor relatively rapid evaporation 
fig. 1 





Fig. 1. Moisture retention—turgid bean pods from plant sprayed 4 days before har 


est with 4-chlorophenoxyacetie acid (right), compared with pods from unsprayved plant 


All pods were removed from plants at the same time then allowed to dry for 48 hours 


Our knowledge of responses was advanced wien it was learned that 
certain cells in the stems of plants could be stimulated to divide by use of 
relatively large amounts of regulators such as indoleacetic, indolebutyric 
and naphthaleneacetic acids. Cell multiplication induced by these com 
pounds in stems was followed by maturation of new cells to form tissues 
and finally their organization into root primordia (Ilamner and Kraus 
1937; Hiteheock 1935; Zimmerman, Hitchcock and Crocker 1931; and 
Zimmerman and Wilcoxon 1935 

Cells stimulated in this manner are able to mobilize, from other areas 
of the plant, endogenous and, incidentally, some translocatable exogenous 
substances that might be present (Mitchell and Linder 1957). Both organic 
and inorganic constituents of the plant are involved in this migration of 
substances toward the chemically-induced center of metabolic activity. 
Included is the mobilization of minerals such as potassium, magnesium, 
boron, copper, phosphorus, iron and aluminum (Brunstetter, Myers, 


Mitchell, Stewart and Kaufman 1948). Various nitrogenous compounds 
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and carbohydrates are also strongly attracted to the site of induced meta- 
bolic activity (Stuart 1938 

These primary responses represent early steps in the development of 
our general understanding of how plant growth and behavior can be con- 
trolled with regulating chemicals. Chemically-induced mobilization of the 
kind described is thus far of no practical use. Chemical induction of root 
primordia, on the other hand, led directly to use of these compounds in the 
vegetative propagation of many plants. 

Recent developments concerning methods of vegetative propagation 
include the use of a very active regulator, 2,4,5-trichlorophenoxyacetic 
acid, as a stimulant for hard-to-root cuttings such as some species of rhodo 
dendron (Wells and Marth 1954). Even with the root-inducing chemicals 
available, some important economic plants still cannot be readily pro- 
pagated vegetatively. 

ABSCISSION. Indoleacetic acid placed on debladed Coleus petioles 
retarded abscission so that the petioles remained attached to the stems 
longer than did untreated ones (LaRue 1936). This observation represented 
an important fundamental advance in our knowledge of growth-regulator 
response. The effect was later obtained with holly berries (Gardner and 
Marth 1937) and apples (Gardner, Marth and Batjer 1939), and the re- 
sponse is now used to Improve the quality of apples and pears in the United 
States. Abscission of relatively mature fruits involves dissolution of some 
wall constituents (MacDaniels 1936; MeCown 1948; and Sampson 1918 
a process that can be directly or indirectly retarded with regulators (Skoog 
1951). According to Bonner (1936), abscission of this type involves break- 
down of the middle lamella. An entirely different process, one that involves 
rapid stem growth under conditions of limited carbohydrate supply, may 
account for the drop of apples that commonly occurs during an earlier 
Stage in their development (VanOverbeek 1952). A problem not vet solved 
in this field is the need for a regulator that retards abscission of early 
varieties of fruit without acceleration of ripening. 

In contrast to retarded abseission, the opposite effect can be obtained. 
Some leaves and fruits can be made to fall earlier by use of a chemical 
Shull (1930) demonstrated about 30 years ago that leaves of rose plants 
ean be made to fall off with ethylene. This was at a time when growth regu- 
lators in a solid state were still unknown. 

Regulators such as naphthaleneacetic acid that now afford a means of 
thinning fruit are thought by some to deprive cells at the base of the 
very young fruit stem of carbohydrates needed to build cellulose walls with 
sufficient strength to support the weight of the rapidly developing fruit 
(VanOverbeek 1952). Seed abortion may also play a role in the thinning 
action of this regulator (Luckwell 1953). Batjer and Westwood (1960 


recently found that 1l-naphthyl N-methylearbamate (an insecticide) en- 
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hanced the drop of immature apples of some varieties. Use of this insecticicd 
represents a new method of chemical thinning that is of interest in som: 
areas where apples are grown. Seed abortion occurred when some varieties 
of apples were sprayed with this chemical. 

FRUIT GROWTH. An important addition to our knowledge of 
responses to regulators was made by Gustafson (1936), who demonstrated 
that some regulating chemicals induce growth of fruits when applied to 
the unpollinated flowers. The first effect of the chemical is to prevent 
abscission of well-developed flowers, and the second is to stimulate growth 
of fruits. Ordinarily these are functions of hormones produced by the seeds 
following pollination and fertilization (Nitsch 1950 and Luckwell 1957 
Most recent research in this field involves parthenocarpic development ot 
almonds, apricots and peaches (Crane, Primer and Campbell 1960 

Hormones produced by seeds as they develop may sometimes limit 
fruit growth. This concept is based on the fact that under some conditions 
the growth of fruits such as tomato, orange and others can be accelerated 
with synthetically-produced regulators (Erickson and Brannaman 1950 
and Stewart, Klotz and Hield 1951 

Regulating substances also influence physiological processes involved 
in maturation of fruits in addition to those concerned with the early develop 
ment of fruits. For example, ripening of detached bananas and other 
fruits can be hastened with ethylene and 2,4-D (Mitchell and Marth 1944 
Ripening of figs, apples and peaches still attached to the tree can be ac 
celerated ; but no practical use of this response has yet been made (Blondeau 
and Crane 1948; Harley, Marth and Moon 1950; and Marth, Havis and 
Prince 1950). 

REGULATORS AS HERBICIDES. In 1942 it was discovered that 
some chlorinated phenoxyacetic acids possessed growth-regulating proper 
ties (Zimmerman and Hitchcock 1942). Later, it was realized that even 
relatively small amounts of these compounds induced systemic physiological 
responses that resulted in death of plants (fig. 2) (Kraus and Mitchell 
1947 and Slade, Templeman and Sexton 1945 

The primary reaction resulting from the use of lethal amounts of 
growth-regulating compounds of the phenoxy type is not understood. 
Results of use of indoleacetic acid indicate that energy transfer involving 
phosphorus metabolism may be concerned, and that changes in organic 
acid metabolism may be a primary response (Skoog 1951 and VanOver- 
beek 1952). Many responses to 2,4-dichlorophenoxyacetic acid, apparently 
of a secondary nature, have been noted indicating that numerous enzymatic 
and possibly some nonenzymatic processes are altered. Some readily de- 
tectable secondary effects include an increase in the moisture content of 
tissues affected, hydrolysis of reserve carbohydrates, depletion of sugars 


and proliferation of responsive parenchymatous cells (Hamner and Kraus 
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1937; Mitchell and Brown 1945; and Smith, Hamner and Carlson 1947 
It has been suggested that the accumulation of unusually large amounts 
of toxic metabolites may also be involved (VanOverbeek, Blondeau and 
Horne 1951). Hilton and his coworkers (1959) showed that some chloro-sub- 
stituted aliphatic acids, including the herbicide Dalapon, compete with 
the natural substrate involved in the enzymatic synthesis of pantothenate 
They believe that this interference with enzyme activity may account for 
lethal effects of these acids. 





» 


Fig. 2. Photograph of one of the earliest experiments (1944) that demonstrated the 


possibility of using the growth regulator 2,4-dichlorophenoxyacetic acid for selective 


control of dandelions in turf. Sprayed plot on right. 


Intensive basic research (Danielson, Gentner and Jansen 1960; Gentner 
and Hilton 1960; Hilton, Ard, Jansen and Gentner 1959; Jansen, Gentner 
and Shaw 1960; and Moreland, Gentner, Hilton and Hill 1959) in the field 
of herbicides is in progress, including studies on the role of carriers, ab- 
sorption and translocation, the influence of structure, and mechanism of 
action. This line of research parallels similar research in the field of regula- 
ting chemicals. Together, these efforts should soon lead to a much more 
complete understanding of how compounds regulate the growth of plants 
and how they kill them. 

RESPONSES TO GIBBERELLINS AND GIBBERELLIN-LIKE 
HORMONES. Only recently has it been possible to accelerate with growth 
regulators the rate at which some plants gain weight. A number of in- 
vestigators have obtained this response by applying gibberellic acid to 
various kinds of plants (Brian, Elson, Hemming and Radley 1954; Ergle 
1958; Howell et al. 1960; Ilumphries and French 1960; Marth, Audia and 
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Mitchell 1956; Stuart and Cathey 1958; and Wittwer and Bukovae 1958 
Overall growth stimulation with gibberellic acid apparently involves, for 
one thing, an accelerated rate of carbon assimilation which is thought to 
result from increased leaf area rather than from increased photosynthetic 
efficiency per unit of leaf area (Ilaber and Tolbert 1957 and Stowe and 
Yamaki 1957 

Elongation is the initial growth response to this regulator (Stowe and 
Yamaki 1957). Increased cambial activity has been observed as a secondary 
effect, however, with the result that thickening of stems finally occurred 
when perennial plants, such as long leaf pine and walnut, were treated with 
the acid and observed under greenhouse conditions (Agricultural Research 
Service 1958). Gibberellic acid experimentally reduced the rest period re 
quired by the vegetative buds and seeds of some plants (Stowe and Yamaki 
L957 Inereased production of amylase by barley seeds subjected to eib 
berellic acid is now of practical importance in malt production (Bawden, 
Dahlstrom and Sfat 1959; Munekata and Kato 1957; and Sandegren and 
Beling 1959 

It was demonstrated repeatedly during the last 10 years that there 
are naturally occurring compounds in higher plants that can induce re 
sponses similar to those induced by gibberellic acid, such as stem elongation 
and leaf growth. Readily detectable amounts of these substances are present 
in various kinds of pollen, seeds and plant parts (Mitchell, Skaggs and 
Anderson 1951, Radley 1956 and West and Phinney 1956). The funetion 
of these extractable hormones is not known. One of these, obtained from the 
endosperm of bean seeds of the Black Valentine variety, was applied to 
immature pods on plants of the same variety. The pods did not respond 
measurably, perhaps because they already contained a sufficient amount 
of hormone or they were insensitive to it. The same hormone, however, 
accelerated growth when applied to the stems and leaves of bean plants 
and it no doubt plays a role in the growth and development of bean plants 

GROWTH RETARDATION. Another advance in regulator research 
came in 1949 (Mitchell, Wirwille and Weil) when it was learned that some 
chemicals can be used to retard overall growth without apparent injury 
to the plant (fig. 3). Several compounds are now known to induce this 
response (Marth and Mitchell 1960). There is evidence that the retardant 
Amo-1618 inhibits cell division in the subapical region of stems in some 
caulescent plants and in this way retards growth (Sachs 1959). Growth 
retardation with maleic hydrazide may also depend largely on interference 
with cell division (Haber and White 1960). Although about 10 years has 
elapsed since the discovery of growth retardants, we have relatively little 
knowledge regarding the histological, cytological and biochemical processes 
involved when the overall growth of plants is controlled in this way. 

There is a different type of retardation, however, one that involves 


complete inhibition of vegetative bud growth rather than partial retarda- 
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rig Retardation of growth of raspberry plant sprayed with (4-hydroxy-5-isopropy! 


--methylphenyl) trimethyl ammonium chloride, 1-piperidineecarboxylate (right) compared 


with the growth of an untreated raspberry plant of the same kind (left 
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tion of the entire plant. This type of bud inhibition was first observed by 
Guthrie (1939) who noted that vapors from the methyl ester of naphthalene 
acetic acid prevented growth of buds on potato tubers. More recently 
maleic hydrazide and 3-chloro-isopropyl-N-phenyl carbamate have been 
used for this purpose (Marshall and Smith 1951 and Marth and Schultz 
1952). Templeman and Sexton (1945) observed that isopropyl phenyl ear- 
bamate modified the ability of cells to divide in a normal pattern, and this 
may account for its growth-retarding properties. Chemical suppression of 
vegetative bud growth has, of course, proved of practical value, especially 
in the potato industry (Heinze, Marth and Craft 1955 

DEVELOPMENTS CONCERNING ABSORPTION AND 
TRANSLOCATION OF REGULATORS. To be effective, regulating 
chemicals must, of course, be absorbed by the plant and then translocated 
to the site of action. Considerable research has been directed toward gaining 
an understanding of these processes. (Mitchell, Smale and Metcalf 1960 

It was discovered almost 15 years ago that movement of regulators 
from leaves to other parts of plants depends on movement of photosynthat 
in the same direction (Hay 1955, Mitchell and Brown 1946, Rice 1948 and 
Weaver and DeRose 1946). Although this early development represents a 
step toward understanding translocation of regulators, the role of photo 
synthate in the process is still not understood 

Hamner, Lucas and Sell (1947) learned that acid solutions of som 
regulators were more effective than the same ones made alkaline. An impor 
tant development was the use of adjuvants to increase the effectiveness of 
regulators (Zimmerman and Hitchcock 1942). Effects of adjuvants are most 
marked when minute amounts of regulating compounds are used 

Currentiy, the relationship between molecular configuration and the 
ability of plants to absorb and translocate regulators is being studied. The 
marked influence of a methoxy group or a methyl group when associated 
with the alpha carbon in the carboxylic-acid side chain of some regulators 
has been demonstrated. Substitution of a methyl group for a hydrogen atom 
of an alpha carbon may influence metabolism of the regulator. Naphthalene 
lactamide, a compound that contained this methyl structure and an amide 
configuration, was so readily metabolized by bean plants that it was not 
possible to recover detectable amounts of the unaltered regulator from 
plants treated with it. This regulator could not be detected in the main veins 
and petioles of leaves treated only 24 hours earlier with the compound. The 
main veins of leaves to which it was applied did contain, however, one 
detectable reaction product. Two additional reaction products were detected 
in the petioles of these treated leaves and still a fourth metabolite was re- 
covered from the stems of the plants. This metabolism of the naphthalene 
was associated with a greater growth response than occurred when an equal 


molar amount of naphthaleneacetic acid was applied (Mitchell, Linder and 
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Smale 1960). The ability of roots to exude leaf-applied alpha-methoxyphenyl- 
acetic acid and some other methoxy-substituted regulators in what appears 
to be an unchanged form would seem, on the other hand, to depend on the 
inability of plants to metabolize this compound readily (Mitchell, Smale 
and Preston 1959). It is possible that the stability of these regulators within 
plants is related to their exudation by roots in relatively large amounts. 

POSSIBLE DEVELOPMENTS IN THE FUTURE. In view of the 
large number of physiological responses already obtained with regulators, 
it is reasonable that many’ more important developments will result from 
research with these chemicals. For example, a more thorough and_ basic 
understanding of chemical retardants may lead to practical methods of in 
creasing the resistance of fruit trees to low temperature. Preliminary steps 
in this direction have already been taken. Hendershott (1960) reported 
that maleic hydrazide showed promise when used experimentally to pro 
long the dormancy of voung citrus trees so that they could better withstand 
low temperatures. There is some evidence that growth retardant chemicals 
may also increase the ability of plants to withstand drought (Teubner and 
O'Keefe 1960). It may be possible to control with chemicals the size and 
shape of some kinds of plants and in this way facilitate the use of machines 
to harvest these crops. Although we are able to chemically accelerate 
ripening of fruits, there is need for a chemical means of retarding to some 
extent their rate of ripening 

There is evidence that the storage life of some leafy vegetables such as 
lettuce can be lengthened through the use of regulating chemicals to re 
tard senescence (Bessey 1959). Based on current information, some regula 
ting compounds may be useful in reducing crop losses due to some kinds of 
nematode and fungus diseases (Davis and Dimond 1953, Marth and Mitchell 
1952, Stewart and Leonard 1960 and Walter, Austenson and Courtney 
1960). Some chemicals have shown promise when used as gametocides to aid 
in development of plants with hybrid vigor (Eaton 1957), but our knowl 
edge of how to use regulators for flower initiation and how to control 
various steps in the reproduction of plants is very limited 

With these challenging needs facing us and with numerous reeulators 
and plant responses vet undiscovered, the future of chemical growth control 
for plants is, indeed, bright 
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To review all the chemicals which effect the growth of plants is a hercu- 
lean task and even when writing books on the subject, as we know it today, 
one would inadvertently leave out or slight whole portions of the work. 
Therefore, in a short talk I really cannot detail anything on this subject. 
I presume that | am participating in this program because of the recent 
synthesis and physiological studies of a series of chemicals which cause 
plants to grow with shorter stems than normal, and which are also mutually 
antagonistic in action with the gibberellins. With that presumption I 
shall examine the subject, *‘ Alteration of Plant Growth by Chemicals’’, 
by speculating on the control of plant growth through the action of several 
substances in unison, and | shall detail the results only of our own work 
and to some extent the gibberellin story. 

Plant growth may be regulated by quantitative variations in the amount 
of growth substances at the affected site. This concept has dominated our 
considerations because of the classical experiments which showed that the 
extent of an auxin effect (1.e., curvature or apical dominance) was depen- 
dent upon the amount of LAA present. 

In searching for new growth substances, the consideration of a second 
regulatory principle is helpful, namely, a check and balance system with 
two opposite types of growth substances for each effect: one to stimulate 
and one to antagonize. Chemical compounds are known which may be 
classified as anti-auxin and anti-gibberellin on the basis of the type of 
plant growth which is induced by these chemicals. These compounds may 
not be enzymatic antagonists in a true chemical and biochemical sense 
and thus the term anti-auxin is unfortunate. Rather, each group of com- 
pounds may be growth substances by definition, although the ultimate 
growth response which they induce may be described as the opposite from 
that produced by another class of compounds. Thus, the action of two groups 
of compounds with opposite effects will result in a nearly normal overall 
development of the plant. | would like to have you bear in mind these 
two hypotheses in considering the various chemical growth substances. 

AUXIN AND ANTI-AUXINS: Much work has been in progress since 
1935 with the chemical structures of synthetic auxins as related to biological 
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growth response. Audus (1959) repeats that, in general, active molecules 
can be predicted within chemical limits. Exceptions to most of these limits 
are known, but the limits are often valid for determining the most active 
structures. Compounds with auxin activity must have: (1) a ring system 
as a nucleus; (2) at least one double bond in this ring; (3) a side chain 
possessing a carboxyl group or a group easily convertible into a carboxy! 
group; (4) at least one carbon atom between the ring and the carboxy! 
group; and (5) a particular spatial relationship between the ring system 
and the carboxyl group. The nature and degree of substitutions on the 
nucleus and side chain affect activity. Almost all of the hundreds of auxin 
molecules that have activity are man-made, although LAA is a naturally 
occurring auxin. 

Besides IAA, there are many ‘‘auxin’’-like substances that have been 
extracted from plants and detected by chromatographic means (Steward 
and Shantz 1959, Bentley 1958). Although these compounds are not all 
auxins or indole compounds by chemical structure, they have auxin-like 
activity. Thus, LAA does not seem to be the only chemical in plants that 
has auxin activity, and it is, in fact, not detectable in many plant tissues 

Bentley, 1958 ) 

An anti-auxin by definition inhibits growth by counteracting auxin 
action. Strictly speaking, the term anti-auxin should be reserved for those 
compounds which compete with LAA for some specific reaction center in 


the growing cell. Such compounds as, 2,4-dichloroanisole, 


Cl >-O-CH 
C] 
and 2,6 dichloropehnoxy acetic acid, 
Cl 
¢ O-CH.-— Cool 
Cl 


seem to fit the chemical and physiological concept of an anti-auxin. None 
of them so far have been found to be naturally occurring. On the other 
hand, naturally occurring compounds, such as the coumarins have biological 
anti-auxin activity, but not a chemical structure similar to indole acetic 
acid. Thus, in the auxin field, there are examples of compounds which ap- 
pear to have the structure and physiological properties of anti-auxins. 
In addition there are compounds of dissimilar chemical structure which 
have anti-auxin effects on the plants. The naturally occurring physiological 


anti-auxins may not even effect the same enzymatic site as that attacked 
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by IAA. One area for extensive future development in auxinology will be 
the isolation and identification of the natural auxins and anti-auxins. 

HERBICIDES: Chemical treatment of plants must include a mention 
of the many herbicides. In a review in 1958, Woodford, Holly and 
McCready described the formulae of some of the many newer chemical 
compounds which are classified as herbicides. These structures include 
the chloro- and methyl-substituted acetic acids, the substituted amides 
such as maleic hydrazide (Brian and Hemming 1957), thioamides and 
amidine groups such as amino triazole. These multitudes of compounds 
represent a few specific basic structures whieh have been extended by 
synthesis of many homologous compounds. The most active derivatives are 
promoted by industry, and in the past few years this area of agricultural 
chemistry has been almost exclusively devoted to synthesis of these herbi- 
cides for the eradication of susceptible plants. Some of these chemicals 
affect plants in interesting ways, but little has been done concerning the 
action of these substances on plants at levels of application less than 
lethal amounts. Probably all of them are anti-metabolites and not hormones 

KINETIN: The hormonal effect from kinetin, another class of growth 
substances, on stimulating cell division and its structural relationship to 
adenosine suggests that when we know how kinetin acts, we may find that 
it fits the concept of an anti-metabolite in nucleic acid metabolism. So far 
it has not been reported as a naturally occurring plant growth substance. 

GIBBERELLINS: Gibberellins should now be regarded as a class of 
naturally occurring plant growth hormones, isolated from plants and 
effective on plants (Brian et al. 1960, Phinney and West 1960). The primary 
action of gibberellin is upon stem elongation. Gibberellins induce responses 
similar to those normally induced by long-day photoperiods or by vernali- 
zation. The stem elongation is a consequence both of increased cell multi- 
plication and of an increase in cell size. In the past few years considerable 
work has been done with these substances by many plant investigators 
This avalanche of papers has been based upon the chemical investigations 
from only a couple of laboratories. Even today only several chemists are 
studying gibberellins. What would happen to the gibberellin literature 
if there were 10 times as many chemists investigating the gibberellins ? 

The isolation of natural gibberellins is a current area of research. The 
two latest reviews on the natural occurrence of gibberellins were published 
this year by Brian, Grove and MacMillan (1960) and by Phinney and 
West (1960). These papers were out of date by publication time due to 
information contained in papers at the fall 1960 ACS symposium and 
particularly to the work in England which was presented by MaeMillan 
at that symposium on gibberellins. This group described in detail the 
chemical structure and probable stereo configurations of nine gibberellins 
(Brian et al. 1960, Cross et al. 1960a, b, MacMillan et al. 1960). A,, A., Ag, 
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A,, A;, and A, have been isolated from fungus. A,, A;, Ag, and Ag have been 
isolated from unripe bean seeds, Phaseolus multiflorus. All of these eib- 
berellins have biological activity on plants. Gibberellin A, is, so far, the 
only one that has been isolated from both plants and fungi. This difficult 
isolation work needs to be repeated for many other plants, but the motiva 
tion may not be great enough to stimulate the effort which is involved. 
All of the nine gibberellins are effective on plant growth, but each gibberellin 
affects certain plants more than others. This type of result suggests that the 
various plants contain different gibberellins. Since gibberellins A, and A, 
are not available yet, it is too early to know much about the action spectra 
of the various gibberellin structures on the various species and varieties 
Hlow many of these gibberellin structures will eventually be isolated as 
natural plant components is also only a matter of conjecture at this time 
How many structures the chemist may make in addition is still a matter 
of another order of magnitude. The chemist may introduce halogens or 
other substituents into the carbon rings; they may prepare stereo isomers 
and there is an unusually large number of asymmetric carbons in a gib 
berellin structure) ; they may make esters or glucosides with the hydroxy] 
groups; and they have already made active ester derivatives of the carboxy] 
group. These synthetic derivatives may have both gibberellin and anti 
vibberellin activ ity ; both would be of economic and theoretical value. Little 
or no work is being done on this synthetic approach now. 


Studies on the biogenesis of the gibberellins have begun by labeling the 


i4 ‘14 


gibberellins with C'™ acetate and 2-C'™* mevalonic lactone (Brian et al. 1960 
Without giving the details, their data suggest that a tricyclic diterpene 
skeleton may be a probable intermediate which rearranges to give the 
diterpene structure with a bridge between the 2 rings. For comparative 
biochemistry it is interesting to note the similarities in precursors and the 
probable intermediates in gibberellin synthesis and in the synthesis of the 
many complex terpenes by plants. This leads to the speculation of whether 
the naturally occurring terpenes have any gibberellin or anti-gibberellin 
activity. 

The enzymic interconversions among the gibberellins will also be an 
area of future research. Interconversion of the gibberellins by enzymes 
could be a growth controlling mechanism dictated by the genetic control 
of the enzyme needed for these changes. Such interconversions among 
the gibberellins, which have different growth responses for each plant, would 
permit a great latitude for controllig growth even without anti-gibberellins 

ANTI-GIBBERELLINS: One interpretation of the mode of action of 
the gibberellins has been that they block the action of some inhibitory in 
fluence in the intact plant, and, as a result, release the full growth-promot 


ing influence of the endogenous auxin, TAA (Audus 1959). A somewhat 
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similar hypothesis is that there may be growth inhibitory substances in 
plants which are anti-gibberellins. Even if there should not be any naturally- 
occurring anti-gibberellin, chemicals of synthetic origin which would modify 
plant growth in an opposite way from the gibberellins, may be of great 
value to mankind for the control of plant growth. 

| became involved in this particular problem from a basic research 
program concerning our discovery that as much as 30 per cent of the total 
soluble phosphorus in a plant root and sometimes in the leaves, was present 
as phosphorylcholine, (CH N*-CH.-CH.—O-PO,H-. In an effort to block 
the action of this compound in the plant, a chlorine atom was substituted 
for the OH group of choline so that the new molecule could not be esterfied 
by the phosphate group. This structure, (CH,),;N*-CH.—-CH.Cl* Cr, (2 
chloroethyl) trimethylammonium chloride, is an analog of choline in which 
the aleohol group has been replaced by a chlorine atom. Thus, its trivial 
name is chlorocholine chloride which has been abbreviated CCC. We have 
prepared and tested about 100 derivatives of this general structure, 
CH,),N°-CH,-CH.X + Cl (Tolbert 1960a, b, Wittwer and Tolbert 1960a, 
b, Lindstrom and Tolbert 1960), As analogs of choline, they have some choline 
esterase activity. All the active derivatives would fit a hypothetical enzy 
matic site in the plant of the same structural characteristic as choline 
esterase, an enzyme not known to occur in plants. This site has a point of 
attachment for the ammonium cation of the chemical. The ammonium 
cation must have 3 methyl groups for biological activity on plants. A second 
position of the effected site is specific for the X constituent of the molecule. 
For optimum activity the X substituent in the compound must be the 
length of a 2 carbon chain from the ammonium cation. In active compounds, 
substituents at X were of small size, nucleophilic and nonionizable. The 
most active derivatives were the chloride or bromide salts of (CH,),.N*-CH 
CH.Cl (CH,),N*-CH.-CH,Br, (CH,;),;N*-CH,-CH =CH,, (CH,);N 

Ss 
CH.CCIECH, and (CHI N*-CHL,.-CH-CH.,,. Other active derivatives were 
CH,),N*-CH,-CH,.—O-CH,, (CH, ),;N*-CH.—-CH.-S-CH, (CH,),N*-CH 
CHE,, (CIL,),N*-CH,-CH,-CH, and (CIL,),;N*-CH.-CH.SH. Why such 
compounds alter plant growth is unknown. 

The most characteristic growth alterations produced by CCC derivatives 
were shorter plants with short internodes, thick stems and dark green 
leaves. CCC derivatives inhibit seed germination and tend to duplicate 
the effect of short photoperiods and exposure to low temperature This class 
of compounds has been considered by us as a new growth substance, for 


these growth alterations can be obtained with sensitive plants without 
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change in wet or dry weight. They are not, therefore, inhibitors or re 
tardants if properly applied. In fact, very low concentrations of CCC stimu 
lated the growth of some plants. 

In general, the growth response produced by CCC appeared the op- 
posite from that induced by gibberellin and a mutually antagonistic effect 
can be obtained from simultaneous application of both a CCC compound 
and gibberellin. The details of these results suggest that CCC was altering 
plant growth in a manner which may be described by the term anti-gib 
berellin. However, the chemical structure of gibberellin and CCC in no 
way resemble each other. 

CCC is not unique in its ability to cause plants to grow shorter and 
thicker stems. AMO 1618, 

CH,—-CH-CHl 


is effective for producing chrysanthemum plants and cucurbits with short 


stems (Krewson et al. 1959, Cathey 1959). Phosfon D, 


C,H r Cle Cl 


C] 
is also effective for producing short stemmed chrysanthemums. CCC in 
fluences a much broader spectrum of plant species than phosfon D or AMO 
1618 without being toxic. CCC is relatively cheap and it is structurally 
related to a known metabolite of plants, namely, choline. A fourth type 
of anti-gibberellin compound is maleic hydrazide (Brian 1957 

Gibberellin in low concentrations can reverse the action of all four of 
these classes of compounds. These substances vary widely in structure 
among themselves and in comparison with gibberellin. There does not seem 
to be any correlations amongst those compounds except in their effect upon 
the growth of plants. The chemicals are not anti-gibberellins in a_ bio 
chemical or physiological sense. 

NATURALLY OCCURRING INHIBITORS: Many naturally oe 
curring inhibitors from plant extracts have been reported and are obvious) 
very widespread (Bentley 1958). These substances may be anti-auxins or 
anti-gibberellins or something else. The tedious process of identification 
of these substances will, in time, sprinkle new knowledge upon plant growth 
investigations. But often this research has been approached by plant 
physiologists without sufficient participation with the chemists. When the 


structure and, if possible, mode of action of many of these new inhibitors 
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become known, each will move from the category of general inhibitors 
into that of a specific chemical for inducing a specific growth effect. At 
present the literature is clouded with reports about these unknown inhibi- 
tory substances, and I wish to select only two recent investigations in the 
field of inhibitory compounds upon plant growth. 

The first is a report by Salisbury and Bonner (1960) on the inhibition 
of photoperiodic induction of the cocklebur by 5-fluorouracil. It is known 
to inhibit the formation of thymidine and thus it may inhibit DNA synthe 
sis or perhaps nucleic acid metabolism. This example, then, may be a case 
of a specific compound acting as an anti-metabolite upon a specific synthesis. 
The details of the mode of action of 5-fluorouracil in vivo is in actuality 
unknown and not simple, but it is an example of the future possible use 
of chemicals to control and modify plant growth. We do not appear to care 
what the plant may wonder about this treatment but only whether the 
residue of the chemical will affect man. 5-Fluorouracil is not a known 
naturally occurring substance, but that restriction is also certainly not 
necessary for chemical alteration of plant growth. 

For my second example about inhibitory substances in general, | 
select a case to represent the vague, voluminous literature about the presence 
of many inhibitory substances from plant parts. There is no better place 
to go for this example than one’s own laboratory. We have been working 
at the isolation of the substances responsible for seed dormancy during pre 
maturity, maturity and post-harvest dormancy (Miyamoto, et al.). From 
the seed coat of wheat seeds, we can isolate four different types of chemical 
substances which are potent inhibitors of seed germination. They are also 
auti-gibberellin in that they reverse the gibberellin stimulation of seed 
germination. They are complex, unknown, organic substances of a catechin, 
catechin-tannin, and alkaloid nature. Since these naturally occurring sub 
stances control germination, they too may affect nucleic acid syntheses and 
be even more active than unnatural inhibitors such as 5-fluorouracil. We 
cannot help but dream that some day these natural inhibitors will take 
their place along with natural growth promoters such as indoleacetic acid 


and gibberellin as known chemicals which control plant development 
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One of the largest fields of activity in biological research is the control 
of growth by the principle of selective toxicity. In this approach, compounds 
are sought which will modify or inhibit the growth of undesired species, or 
of tissues such as tumors, with a minimum of adverse effect upon a desired 
species or the host. Random testing of large collections of chemicals is the 
usual approach to finding suitable compounds. Sometimes, however, a 
biologically active substance such as hormone or coenzyme is used as a 
starting point in the synthesis of analogs. Antimetabolites may be discovered 
by either of these approaches 

The inhibitory effect of a compound may be discovered by random 
testing and the fact that it is an antimetabolite may not be found until 
special studies of its mode of action are carried out. 

Antimetabolites, or metabolic antagonists, have been widely used in 
biochemical research and experimental chemotherapy. A metabolite may 
be defined as a compound that oceurs in living organisms and has an 
essential function in a biochemical process. An antimetabolite usually 
resembles the metabolite closely in its structural formula although this is 
not always the case. It is recognized by its ability to block the biochemical 
process carried out by the metabolite. This blocking adversely affects the 
organism as shown by toxic effects, slow growth or even death. The block 
may be reversed by adding an excess of the metabolite or by adding the 
products of the reaction in which the metabolite normally participates. 

The effect of antimetabolites is related to the mechanism of enzyme 
action. Enzymes are special proteins that have receptor sites on their 
surfaces where a specific metabolite and a reacting substance can be brought 
in close proximity in an active state so that a chemical reaction takes 
place. The products of the reaction are then set free from the enzyme surface. 
An antimetabolite can attach itself to the receptor site on the enzyme 
because it resembles the metabolite so closely or because the antimetabolite 
has a chemical group that readily combines with the receptor site, and may 
be said to ‘‘fit’’ this site. However, the antimetabolite may not combine with 
the reacting substance, or it may bind so tightly with the enzyme that the 
metabolite is kept away from he receptor site which is occupied by the 
antimetabolite which refuses to be displaced. These steps are shown diagram- 
matically in figure 1] 


32] 








d22 BULLETIN OF THE TORREY BOTANICAL CLUB VoL. 88 
Metabolite (M Enzyme (E — ME 
ME + Reactant (R — MER 
MER — Enzyme + Products 
Antimetabolite (A Enzyme (E — AE 
AE + Reactant (R — No reaction 

Fig. 1 Diagrammatic representation of metabolite-antimetabolite-enzyn relation 

ship. 


One of the best examples of the action of an antimetabolite is the rela 
tionship between folic acid and the closely related substance, aminopterin 
The chemical similarity between these two substances is shown in Figure 
2. Folie acid is a vitamin that is present in green leaves and also pre 
sumably in all living cells. It is active biologically in the hydrogenated form, 
tetrahydrofolic acid, which can combine with formic acid or formaldehyde 
or with other sources of a ‘‘single-carbon’’ unit. The carbon atom thus 
derived is then transferred to various acceptor substances and during these 
changes tetrahydrofolic acid may lose two atoms of hydrogen, in which 


case it must be reduced once again before going through another evele. 


OH 
tS MS cu, 


—p—Aminobenzoyiglutamic Acid 
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“—CHo —p—Aminobenzoylglutamic Acid 


AMINOPTERIN 


Fig. 2 Abbreviated structural formulas for folie acid and aminopterin, showing 


the postulated point of attachment to the dihydrofolic reductase enzyme protein 


The addition of aminopterin to many living organisms abruptly halts 
the action of folie acid and produces markedly toxie effects. For example, 
the injection of aminopterin at the rate of 2 mg. kg. of body weight in rats 


produces weight losses, bloody diarrhea, destruction of the lining of the 
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intestine and liquefaction of the bone marrow (Philips and Thiersch 1949). 
Plants are also affected, and necrotic changes have been described in the 
roots, bulbs, and seedlings of onions (Jakowska, Nigrelli and Goldsmith 
1949 

We reported some years ago that tetrahydrofolic acid would prevent 
or reverse the toxic effects of aminopterin in mice while folie acid had a 
much weaker protective action (Broquist et al. 1951). It was concluded 
that aminopterin blocked the biological conversion of folie acid to tetra- 
hydrofolie acid. More recently this has been studied with the purified 
enzyme, dihydrofolic reductase, and some authors have coneluded that the 
toxic effects of aminopterin may be explained on the basis of its action on 
this one enzyme system. 

Aminopterin combines with the enzyme dihydrofolic reductase very 
firmly. Folic acid will not displace aminopterin from combination with 
dihydrofolic reductase until the concentration of folie acid is 100,000 times 
as great as that of aminopterin. This has been shown in experiments with 
an extract of rat liver that was allowed to react with radioactive aminop 
terin. The enzyme was inactivated and a firm combination took place 
from which the aminopterin could not be removed by dialysis, and even when 
folic acid was added at 100 times the concentration of the aminopterin, 
the activity of the enzyme was not restored. Not until the amount of folic 
acid was 10,000 times as great as that of aminopterin was the enzyme re- 
activated to the extent of 85 per cent (Werkheiser 1961). The steps may be 


summarized by equations similar to those in Fig. 1 as follows: 


Folic Acid + Enzyme — FE 

FE + 2TPNH + 2H — FH,+E+2TPN 
Aminopterin + Enzyme — AE 

AE +2TPNH + 2H — No reaction 


Baker (1959) has suggested that the 2-amino group of folie acid com- 
bines with an acidie site on the enzyme. When the 4-hydroxy group of 
folie acid is changed to an amino group, the 2-amino group becomes a much 
stronger base so that it is more firmly attached to the enzyme. This would 
explain Werkheiser’s observations. 

One of the most intertesting examples of the action of an antimetabolite 
in plant growth is the weed killer, aminotriazole (3-amino-1,2,4-triazole ) 
This substance is freely soluble in water and is non-irritating to animals. 
When sprayed on a susceptible plant, no changes are seen at first, but after 
a few days the leaves turn brown and drop off. The new shoots that appear 
are white, and evidently the synthesis of chlorophyll has been blocked. 
Death of the terminal meristem occurs, followed by a gradual dieback of 
the stem and roots. Aminotriazole is used widely as a weedkiller for 
Canada thistle, quack grass, poison ivy, aquatic weeds and a number of 


other leafy and woody species (Am. Cyanamid Co, 1957 
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The action of aminotriazole as an antimetabolite was studied by 
Rabinowitz and Pricer (1956) who described the bacterial breakdown of 
purines by the organism Clostridium cylindrosporum. It was possible to 
separate the various steps in this breakdown and it was found that xanthine 
was broken down to 4-aminoimidazole, which is quite similar in chemical 
structure to 3-amino-1,2,4-triazole, fig. 3. The ring of 4-aminoimidazole 


was then found to be broken down further to produce formiminoglyeine 


~ Nn NAL 
\ HC CH 
PURINES | CH—> —s © D 


C_ fF C NH 
NH>~ N o% oH” 


4 —Aminoimidazole Formiminoglycine 


C 
NH>~ —~N 


3 —Amino-—|,2,4,—Triazole 


Fig. 3 Purine degradation by Clostridium eylindrosporum to show the step that 


is blocked by aminotriazole 


Aminotriazole was an active inhibitor of this enzymatic step and one equiva 
lent of aminotriazole was sufficient to block the breakdown of about 20 
equivalents of 4-aminoimidazole. These observations at first did not appear 


to be related to the effect of aminotriazole as a weed killer. However, it was 
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also found that aminotriazole would inhibit the growth of certain micro- 
organisms including Escherichia coli and Torula cremoris (Weyter and 
Broquist 1960), and Saccharomyces cerevisiae (Hilton 1960). The inhibi- 
tion Was reversed by adenine, histidine or a combination of the two. Both 
of these compounds contain the imidazole ring. This made it appear that 
aminotriazole could block the synthesis of the imidazole ring as well as 
its breakdown. 

Studies with green plants were described in which it was found that 
the bleaching effect of aminotriazole could be reversed by treating the 
leaves with a solution containing adenine and histidine. It was also found 
that riboflavin would reverse the effect (Sund, Putula and Little 1960). 
Aminotriazole was found to inhibit the synthesis of riboflavin by the mold 
Eremothecium ashbyti which is used for the commercial production of 
riboflavin (Sund and Little 1960). This biological synthesis has been 
shown to take place from a purine precursor (Brown, Goodwin and Jones 


1958, fig. 4), so that aminotriazole has a blocking effect on the formation 
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Fig. 4 Steps in the biosynthesis of riboflavin by Eremothecium ashbyii. 


of several metabolites that contain an imidazole ring or are derived from 
a substance containing an imidazole ring. Furthermore, in the biological 
synthesis of riboflavin, it has been reported that the imidazole ring of 
adenine opens and a pyrazine ring is then formed (McNutt and Forrest 
1958). Perhaps this is the step at which aminotriazole blocks riboflavin 
synthesis, since it is known that aminotriazole blocks the opening of the 
imidazole ring in the degradation of xanthine. 

In the photosynthetic microorganism Ochromonas danica it was found 
by Aaronson (1960) that the inhibitory action of aminotriazole on growth 
and the synthesis of chlorophyll and carotene was reversed by ferrous and 
ferric ions. However, iron did not reverse the growth inhibition caused 
by aminotriazole in O. malhamensis and Euglena gracilis 

The action of aminotriazole on animals appears quite different from 
its effect on plants. In animals, the substance has the property of inhibiting 
the formation of thyroid hormone by preventing or ‘‘blocking’’ the thyroid 
gland from combining with iodides (Alexander 1959). A number of other 
ring compounds have this ‘‘antithyroid’’ property, and many plants, 
especially in the Cruciferae, contain such antithyroid compounds (Greer 
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and Astwood 1948). The prolonged administration of an antithyroid com 
pound to rats at thyroid blocking levels produces a compensatory over 
production of the thyroid-stimulating hormone of the pituitary gland 
which is normally kept in cheek by the presence of thyroid hormone in 
the bloodstream. The result after a long time on this regime is that changes 
develop in the rat thyroid gland, and eventually these changes take on the 
appearance of tumors. Work is in progress in our laboratories on the 
effect of adding thyroid hormone to the diet of rats receiving aminotriazol 

it is anticipated that the thyroid glands of these rats will not develop the 
the changes that were described in a recent publication as being associated 
with the feeding of aminotriazole (Jukes and Shaffer 1960). 

There is a most interesting similarity between aminotriazole and the 
chemotherapeutic substance sulfanilamide. Both substances are antimetab 
olites which are selectively toxic for members of the plant kingdom and 
not for animals. Both block the synthesis of vitamins, in one case that of 
riboflavin and in the other case that of folie acid. These two vitamins are 
synthesized by plants and not by animals, so that animals must obtain 
the ready-made vitamins from their diet and hence are not harmed by an 
antimetabolite that interferes with the biological synthesis of the vitamin. 
Interestingly enough, both aminotriazole and sulfanilamide are antithyroid 
substances. 

There are other examples of antimetabolites in plant growth, for ex 
ample dichloropropionie acid appears to block pantothenic acid (Hilton, 
Jansen and Gentner 1958). The study of antimetabolites and their effects 
has not been as rapid a method of obtaining useful compounds as have 
more empirical approaches such as random testing, but an understanding 
of metabolic processes in plants may be greatly aided by discoveries in 
the field of antimetabolites 

References 
Aaronson, 8S. 1960. Jour. Protozoology 7: 289. 
Alexander, N. M. 1959. Jour. Biol. Chem. 234: 148 
American Cyanamid Company. 1957. Aminotriazole Weedkiller. Technical Data 
Bulletin. New York, N.Y. 
Baker, B. R. 1959. Cancer Chemotherapy Reports, No. 4. 
Broquist, H. P.. M. J. Fahrenbach, J. A. Brockman, Jr, E. L. R. Stokstad, and 

T. H. Jukes. 1951. Jour. Am. Chem. Soe. 73: 3535 
Brown, E. G., T. W. Goodwin, and O. T. G. Jones. 1958. Biochm. Jour. 68: 40. 
Greer, M A., and E. B. Astwood. 1948. Endocrinology 43: 105. 

Hilton, J. C. 1960. Weeds 8: 392 

Hilton, J. L., L. L. Jansen, and W. A. Gentner 1958. Pl. Physiol. 33: 43 
Jakowska, S., R F. Nigrelli, and E. D. Goldsmith. 1949. Am. Jour. Bot. 36: 825 
Jukes, T. H., and C. B. Shaffer. 1960. Science 132: 296 

McNutt, W. S., Jr., and H. 8. Forrest. 1958 Jour. Am. Chem. Soe, 80: 951 
Philips, F. 8., and J. B. Thiersch. 1949. Jour. Pharm. Exp. Therap. 95: 3053. 


1961 JUKES: ANTIMETABOLITES AND PLANT GROWTH 


Rabinowitz, J. C., and W. E. Pricer, Jr. 1956. Jour. Biol. Chem, 222: 527. 
Sund, K. A., und H. N. Little. 1960. Science 132: 622 
, E. C. Putula, and H. N. Little. 1960. Jour. Agr. Food Chem. 8: 210. 
Werkheiser, E. 1961. Jour. Biol. Chem. 236: 888. 
Weyter, F. W., and H. P. Broquist 1960. Biochim. Biophys. Acta 40: 567 


Paper presented as part of a 
special symposium on 
FUNDAMENTAL DEVELOPMENTS IN PLANT GROWTH 
in conjunction with the A.A.A.S. meetings 


New York. N. Y December 27. 1960 


Sponsored by the Torrey Botanical Club 


Test-tube studies on flowering: 
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The title is, of course, a deliberate eve-catcher, but it also deseribes 
an important goal of this work—the study of flowering under completely 
controlled conditions. Ever since the discovery of photoperiodism, investi 
vations of flowering have been widely conducted, and it is obvious, for 
example trom Dr. Borthwick’s paper, that the field has progressed im 
pressively, It has occasionally been handicapped by the faet that the usual 
experimental plants grow and flower relatively slowly, and, being large, are 
not easily kept under controlled conditions. For this reason, the Lemnaceae 
dackweeds )—the smallest known flowering plants—have frequently been 
suggested as experimental material for such work. Although researeh witl 
these plants has actually been undertaken by few investigators, it may 
already have contributed some useful new insights into the photoperiodic 
control of flowering. Only further results will tell whether it has or not, 
but the history and present status of the work is interesting in itself, and 
worth summarizing 
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The Lemnaceae are monocotyledons, often regarded as extreme re 
ductions of the Aralean line. They are all fresh-water plants that float at or 
just below the surface of the water. The individual green bodies are referred 
to as ‘‘fronds’” to avoid committment as to their actual nature, since they 
probably represent stem, leaf and bud tissues. They are always less than a 
centimeter long, commonly a few millimeters. In the genus Lemna they are 
thin and flat, approximately ovoid in outline, and bear a single root on the 
lower surface. New (‘‘daughter’’) fronds arise vegetatively from meristems 
enclosed in two pockets lying on either side of the more pointed end of the 
‘“mother’’ frond, and the daughters become mothers in their turn 
Daughters remain attached to their mothers for some time after reaching 
full size—even occasionally after producing daughters themselves—so that 
the commonest growth form is that of ‘‘colonies’’ in which several fronds 
appear together. When flowering occurs, any given frond bears a single 
flower in one of the two meristematic pockets. The flower consists of a pistil 
and two stamens surrounded by a membranous ‘‘spathe’’, and on fertiliza 
tion gives rise to a one- or few-seeded utricle 

The salient advantages of Lemna and its relatives as experimental o1 
gvanisms are easily stated. Once a single frond has been made aseptie in 
any of a number of ways, it will give rise to a clone that may be maintained 
indefinitely under aseptic conditions by standard microbiological techniques 
Ilence, the effects of chemical agents can be studied without interference 
by micro-organisms, The use of the same clone or clones throughout an in 
vestigation eliminates genetic variation as a factor. Growth is rapid, at rates 
depending on the particular species and conditions used. Commonly, a 
culture started with a single 3-frond colony will contain 40 to 80 fronds 
after a week or ten days. The small frond size makes it indeed possible to 
grow such a culture with 15 ml of medium in a test-tube, justifying the 
title ; however, 20-50 ml of medium in a small flask is the more usual culture 
condition. Thus, the amount of space and time required for complex ex 
periments is greatly reduced 

Kor more detailed information on all the above topics see the writer's 
review (Hillman, 1961e¢) ; only observations on flowering will be considered 
from here on 

One reason for interest in the flowering of Lemnaceae has been its 
apparent rarity in nature. This reputation for rarity has probably been duc 
in part to the inconspicuous nature of the flower, but it seems certain that 
most species flower irregularly. Saeger (1929), perhaps the first investigator 
to urge the study of flowering in these plants, reviewed the older literature, 
and concluded from his own observations that the chemical composition of 
the pond water played an important part in controlling flowering. For 


example, ina particular pond near Columbia, Mo.. both Npirodela polyrrhiza 
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and Wolffia papulifera were found in flower, while at the same time, in many 
other ponds within a radius of twenty miles, these species were entirel) 
vegetative. Landolt (1957) made extensive field observations in California, 
where at least four species were found in flower. However, only a few 
strains (clones) of three of these species would flower under controlled 
conditions (see below). Such observations might make one expect particu- 
larly interesting mechanisms in the flowering of these plants. 

The first published experiments on Lemnaceae flowering are those of 
Hicks (1932) conducted in crude culture. Five species of Lemna and one 
of Wolffia flowered following treatments with ultraviolet radiation, and 
three of the Lemna species also flowered following vegetatively injurious 
treatments with sodium hydroxide. As Kandeler (1955) points out, Hicks 
made no attempt to see whether flower primordia were already present in 
these plants, but the paper states clearly that untreated controls failed to 
flower. No confirmations or extensions of this work have been reported, so 
its status at present remains uncertain 

The first unequivocal success in controlling flowering in the Lemnaceae 
was obtained by Kandeler (1955, 1956) with several strains of Lemna gibba 
in aseptic culture. In these experiments, flowering was evaluated quan 
titatively by assigning arbitary values to the various developmental stages 
of flower primordia observed by dissection, and was found to depend on at 
least three factors: light quality, photoperiod, and the ‘‘age’’ of the culture 
medium 

If artificial light containing a considerable proportion of far-red radia 
tion (supplied by incandescent light) was used, Kandeler found that his 
L. gibba respond as a long-day plant, with a critical daylength of 12 to 14 
hours. In addition, far-red radiation appeared to be more effective than 
red in promoting flowering when used to interrupt long nights. It is sur 
prising—although perhaps only in hindsight—that Kandeler devoted most 
of his investigation to establishing crude action speetra—work of a kind 
done with so many plants—while virtually ignoring his own most interest 
ing observation. This was that, under fluorescent light (low in far-red 
radiation), flowerine failed to occur irrespective of photoperiod if the 
plants were frequently transferred to fresh mineral medium. Under those 
light conditions, flowering occurred (under long days) only in medium 
‘aged’’ by the growth of the plants—that is, if the plants were allowed 
to remain in the same medium for some time. As will become evident, this 
result appears to be directly connected with others suggesting a new ap- 
proach to the photoperiodic control of flowering. However, Kandeler pur 
sued the ‘‘aged’” medium effect no further, but simply eliminated it from 
his experiments by making frequent transfers. 


The next observations of Lemnaceae flowering under controlled, aseptic 
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conditions were those of Landolt (1957). Several strains of L. gibba, L 
minor and L. perpusilla flowered under circumstances suggesting that rela 
tively high temperatures and light intensities, and crowded conditions in 
the cultures, were the promoting factors. Because these observations were 
more or less incidental to a survey of the growth of many species and strains 
under various light and temperature combinations no attempt was made 
to study them in greater detail. Probably the most important general 
lesson to be learned from Landolt’s work is that different strains of the 
same species may differ markedly with respect to both flowering and 
vegetative growth requirements. 

Most of the remaining work to be discussed is that of the writer, either 
published or in press (Hillman 1958, 1959a, b, 1960, 1961a, b). A few 
hitherto unpublished observations will also be mentioned. This work has 
been carried out largely with strains kindly supplied by Dr. Landolt and 
Dr. Kandeler, mentioned above 

The start of the author’s work was from further observations on 
Landolt’s L. perpusilla, strain 6746. As Landolt himself had found, it 
flowers under all photoperiods in old, crowded cultures. However, under 
short-day conditions (8 hours of light per day) it flowers also in fresh 
cultures, producing visible flowers within 10 days, at which time not even 
flower primordia are detectable under 16 hour photoperiods. Cultures can 
be maintained vegetative indefinitely under 16 hours of light per day if 
transferred to fresh medium every two or three weeks. The flower-promoting 
effect of short days can be completely abolished by brief interruptions of the 
long night periods with dim red light; thus, in fresh medium, this plant 
responds as a typical short-day plant (Hillman 1958 

Further experiments on this short-day response were undertaken, using 
as a quantitative measure of flowering the percentage of fronds in a 
culture bearing flower primordia at any given time (abbreviated FL] 
Experiments generally ran from 6 to 10 days from the start of the cultures 
Maximum FL‘: values were obtained with 6-11 hours of light per day, and 
even under total darkness if sucrese was supplied; no flowering occurred 
with daylengths longer than about 15 hours. A single long night proved 
sufficient to induce a measurable degree of flowering in cultures subse 
quently placed in long days. Attempts to reverse the flower-inhibiting 
effect of red light night-interruptions with far-red radiation failed, for 
reasons to be mentioned later (Hillman 1959a 

The succeeding paper (Hillman 1959b) turned to the effects of medium 
composition. Flowering even under long days in crowded cultures suggested 
that sufficient growth had caused some change favorable to flowering in 
the composition of the medium, The reader will be reminded of Kandeler’s 
observations, but should beware of two differences. In the first place, in 


Kandeler’s L. gibba work, the ‘‘aged’> medium conferred sensitivity to 
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photoperiod under conditions in which it was not otherwise present—that 
is, ‘‘aged’’ medium allowed a long-day response. In L. perpusilla 6746, 
the ‘‘erowded’” medium conferred insensitivity to photoperiod—that is 
allowed flowering under all daylengths. Secondly, the medium (Hutner’s 
used by Landolt, and thus at first by the writer (1958, 1959a) was quite 
unlike that used by Kandeler, containing a high level of the chelating agent 
ethylenediaminetetracetic acid (EDTA) and of many trace metals. Hence, 
it would have been an error, as subsequent results showed, to equate 
Kandeler’s ‘‘aged’’ with Landolt’s ‘‘crowded’’ medium 

Preliminary experiments were done to distinguish between the possibili- 
ties that ‘‘¢rowded’” medium was rendered favorable to flowering for L 
perpusilla 6746 either by (a) the excretion of some material by the plants 
or (b) the removal of some material by them. The second, rather than the 
first possibility was indicated by the observation that flowering under long 
days took place much more rapidly in dilute rather than in full-strength 
Hutner’s medium, although the growth rates were not much different. 
Thus, the next step seemed to be the ‘‘dissection’’ of the medium to 
determine what components might be involved. Because this would be a 
complex procedure with a highly chelated medium such as Hutner’s, 
another medium (Gorham’s) was tried, of the Hoagland’s type, contain 
ing only a low level of tartaric acid to maintain iron availability. This 
was much more like the medium used by Kandeler for L. gibba, although 
not identical with it. 

This choice of another medium proved lucky, though for a completely 
unforeseen reason. It immediately became obvious that in Gorham’s medium 
L. perpusilla 6746 is completely daylength-indifferent, flowering rapidly 
under all photoperiods even in fresh, uncrowded cultures. Why then the 
typical short-day response in Hutner’s medium? Though there are several 
differences between Gorham’s and Hutner’s, the most obvious is the presence 
of EDTA in the latter, and this proved to be the operative factor. With 
EDTA added to Gorham’s medium at levels of 1-3 «10° M, flowering 
is completely or substantially inhibited under 16 or 24 hour photoperiods, 
but is unaffected under 8 hour photoperiods. In short, EDTA turns L 
perpusilla 6746 from a daylength-indifferent into a short-day plant. EDTA 
is not the only compound with this effect; other chelating agents, not only 
of the nitriloacetic acid type (like EDTA) but also including citric and 
tartaric acids, have the same action, though the effective concentrations 
vary. 

Also included in the same paper (Hillman 1959b) were data on the 
effects of temperature. The results described above hold at temperatures 
in the range 22°-27° C. At about 31°C., in the presence of sucrose, L. per 
pusilla 6746 grows well but fails to flower irrespective of medium or photo- 


period. In a narrow intermediate temperature range (Ca 29.5°) whieh ean 
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be accurately maintained by immersing the culture tubes in a thermostated 
water bath, a short-day requirement is observed irrespective of medium 
Thus, at this temperature, high levels of chelating agents are not required 
to bring about a short-day response—that is, inhibition of flowering in 
long but not in short days. 

The action of chelating agents on L. perpusilla 6746 suggested that 
metal metabolism might play an important role in photoperiodism, a notion 
by no means original with the writer. However, alternative interpreta- 
tions are quite possible from these results alone—the simplest alternative 
would be that the chelating agents merely acted as more or less specific 
flowering inhibitors, but that the ‘‘flowering impulse’’ was stronger in 
short days. That this explanation would not be entirely adequate, however, 
is suggested by the action of gibberellic acid. This substance promotes 
vegetative growth but inhibits flowering about equally in both long and 
short days (Hillman 1960). Nevertheless, it seemed desirable next to see 
what effect chelating agents might have on L. gibba. 

In preliminary experiments, Kandeler’s strain G3 of L. gibba grown 
in a modified Gorham’s medium (designated M), under continuous fluores 
cent light, flowered if the medium was allowed to ‘‘age’’ but not if it was 
changed frequently. These results confirmed Kandeler’s observations, done 
originally with his strain G1. Although attempts to confirm Kandeler’s 
report on the effects of light quality have not been successful, numerous 
details of these experiments, including light sources, differed from those 
of Kandeler’s, and this aspect of the problem will not be pursued here. 
The major result of interest was that EDTA, instead of inhibiting flowering 
in L. gibba G3, entirely substituted for ‘‘aged’” medium; in M medium 
with EDTA, flowering takes place rapidly in long days whether or not the 
medium is changed frequently (1961a 

A detailed comparison between the activities of chelating agents 
mainly EDTA) and M medium ‘‘aged”’ by L. gibba G3 was then under- 
taken, with the following results. EDTA promotes rapid flowering of L. 
gibba G3 under long days. In short days the plant never flowers. Tartarice 
acid acts like EDTA; thus, both agents mimic ‘‘aged’’ medium. To compare 
the action of EDTA on L. gibba G3 with that on L. perpusilla 6746, the 
relation of pH to activity was studied. EDTA in both systems is more 
active at about pH 5 than at pli 4, although in the first case its effect is to 
promote flowering in long days and in the second to prevent it. Two further 
similarities between the effects of EDTA and ‘‘aged’’ medium were then 
established. First, ‘‘aged’’ medium inhibits the flowering of L. perpusilla 
6746 in long days but not in short. Second, the activity of ‘*aged’’ medium, 
like that of EDTA, is greater at the higher pH level. 

It was also observed that the production of ‘‘aged’’ medium depended 
on the growth of L. gibba G3 plants in it, but not necessarily under long 
days. Medium ‘‘aged’’ by growth under 8-hour photoperiods. where there 
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is no flowering, is still effective (Hillman 1961b 

An extensive discussion of these results cannot be given here, but certain 
conclusions may be suggested. A minor point concerns the nature of 
‘‘aged’’ medium. The simplest hypothesis is that it contains a substance 
or substances—organic or amino acids, perhaps—excreted by the plants 
during growth and active as chelating agents. One might set out to identify 
these substances, but the fact that their production is clearly not photo- 
period-specific, and that their action is mimicked by EDTA, giving a system 
more easily studied, makes such work unrewarding with regard to the major 
points of interest. The latter can be briefly summarized : 

EDTA or ‘‘aged’’ medium cause or promote flowering in L. gibba G3 
under the same general circumstances in which they inhibit it in L. per- 
pusilla 6746; that is, in long but not in short days. The conclusion that 
these agents affect the response to photoperiod rather than merely flowering 
is almost inescapable. In their absence, L. perpusilla 6746 is daylength- 
indifferent, and L. gibba G3 fails to flower. In their presence, the one becomes 
a short day plant and the other a long day plant. Thus, these agents can 
best be regarded as conferring sensitivity to long photoperiods, with results 
coupled to flowering in opposite ways in the two plants. 

If it is at least tentatively accepted that chelating agents are thus 
modifying photoperiodic sensitivity, or conferring it, the mechanism be- 
comes of the greatest interest. The most reasonable hypothesis is that they 
act on metal metabolism, perhaps some aspect of trace metal function. 
Many attempts have been made to reverse these effects by adding various 
ions to the medium, but none have been successful. It is not even clear 
whether the action is primarily in the medium or within the tissues them 
selves (see Hillman 1961a, 1961b). It has been possible to show that photo- 
periodic induction in L. perpusilla 6746 is far more sensitive to iron de- 
ficiency than is vegetative growth (Hillman 196la) but this in itself is 
no evidence that iron metabolism is the area in which the chelating agents 
act. However, some recent, unpublished results, which must be accepted 
with caution at present, may provide a system in which the action of chelat 
ing agents can be more accurately identified. 

One might hope to distinguish between action in the medium and action 
within the plant by assaying the effectiveness of EDTA in various dilu- 
tions of the basic M (Gorham’s-type) medium. Either of two results 
Was expected from such assays. EDTA might be more effective in dilute 
medium, thus indicating action by reducing uptake of some component of 
the medium. Or, the effectiveness of EDTA might be relatively independent 
of medium dilution, reflecting action within the tissue only. However, the 
actual results, so far, have consistently embodied a third, unexpected pos- 
sibility: on both L. perpusilla 6746 and L. gibba G3, EDTA is less effective 
in dilute (14-5) than in full-strength medium. This result is of interest 
if only because it shows the first procedure by which the effectiveness of 








a 


BULLETIN OF THE TORREY BOTANICAL CLUB VoL, 88 


EDTA in these systems has been successfully reduced—other than low pl, 
of course, and pH change has been excluded as a variable in these experi 
ments. Such data also suggest that EDTA interacts with some component 
in the medium to bring about its effect, possibly ‘nereasing the uptake of 
that component. Most important, they provide a system in which to test for 
that component, although such experiments are subject to considerable 
quantitative variation, and other pitfalls may arise. However, it may soon 
be possible to say what substance, presumably a metal, is apparently so 
closely linked to photoperiodic sensitivity. 

Several loose ends may be mentioned here. The results with L. gibba 
G3 make it clear that EDTA added to M medium, like *‘aged’’ medium, 
confers photoperiodic sensitivity, with resultant flowering in long days 
It is, therefore, remarkable that in Hutner’s medium under the same condi 
tions flowering is absent or extremely low. For L. gibba G3 then, unlike L 
perpusilla 6746, Hutner’s medium is not equivalent to M with EDTA 
Another but related group of observations deals with other strains of the 
two species used here. Some, but not all of the L. gibba strains tested 
respond like L. gibba G3. Comparative studies with several other strains 
of L. perpusilla (all of these are from Landolt) and with a strain of L 
paucicostata (perhaps synonymous with L. perpusi/la—see Hillman 1961¢ 
have given the following tentative results. One fails to flower under any 
condition used; another responds as does 6746, but more slowly; a third 
flowers under all daylengths in M or M with EDTA, but not at all in 
Hutner’s; the L. paucicostata seems to be a short-day plant irrespective 
of medium. Thus, there is abundant material for further work, and some 
of the results should bear on the problem of chelating agents, metals and 
photoperiodism. More work, of course, might also be done on the responses 
of all of these to temperature and light quality as well, for a completely 
comparative approach. 

An investigation by Purves (1961) explains another disconcerting ob 
servation mentioned earlier—the failure of far-red radiation to reverse 
the effects of red light night interruptions on L. perpusilla 6746. It now 
appears that this plant, in chelated media, responds like the seedlings of 
the short day Japanese morning glory (Pharbitis). That is, the red, far 
red system is present and active, but not in the most usual way. Far-red 
given at the start of the dark period (or in it) tnhrbits induction; the 
effect at the start of the dark period is reversible by red. This result is of 
particular importance since the ineffectiveness of the red, far-red system 
on flowering that might have been inferred from the earlier results might 
help fortify the doubts, occasionally expressed, whether an understanding 
of flowering in such unusual plants as the duekweeds will have any relevance 
to general mechanisms in other plants. Dr. Purves has now removed 
one basis for such doubts. As to the general question, no final answer 


ean be given. It is the writer’s opinion that the major difference between 
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the Lemnaceae and other plants in this type of work is the ease with 
which applied substances can reach the entire plant, due to the morpholog- 
ical situation. This may be the reason the effects of chelating agents are 
so easily demonstrable; they may, of course, turn out to be equally so 
with certain other plants of the more usual structure. Whether they are or 
not, if the underlying mechanisms are as basic as they appear to be. they 
will eventually prove relevant elsewhere. 

Since by now the major points of this small history may have been 
completely obscured, a brief summary is in order. The duckweeds (Lem- 
naceae) possess several unique advantages as experimental organisms for 
the study of flowering. In nature, their flowering is usually irregular and 
is, perhaps, controlled in part by the chemical composition of the water. 
Work by several investigators including the writer has led to the discovery 
that metal-chelating agents confer photoperiodic sensitivity on strains of 
two different Lemna species, converting one (L. perpusilla 6746) from a 
daylength-indifferent to a short day plant and the other (L. gibba G3 
from a plant unable to flower to a long day plant. These results suggest an 
important role of metal metabolism in the photoperiodic control of flowering, 
on which further investigations with these and other strains and species 


are In progress. 


Supplementary note as of March, 1961. 


The possibility that the chelating agents act by reducing the activity 
of some metal in the medium, though undemonstrated by reversal experi 
ments, would be supported if lowered concentrations of a metal imitated 
the chelation effects. Preliminary experiments of this kind failed, but 
it was clear that medium purification methods as used in micronutrient 
investigations would be required for definitive results. Such work was 
deferred in favor of explorations of the ‘‘dilution’’ reversal of EDTA 
action, which, indeed, seemed to point to an opposite interpretation. 
Ilowever, when Mr. Eric Bachelard (to whom the writer is greatly in- 
debted) observed that the distilled water regularly used in this laboratory 
Was toxic to certain root cultures, it obviously became desirable at least 
to purify the water immediately. This led to the following results. 

In the Hoagland-type medium made with water redistilled from glass, 
L. gibba G3 flowers rapidly in long days and L. perpusilla 6746 shows 
much greater flowering in short than in long days. That is, both plants are 
now photoperiodic without high levels of chelating agents. The conferring 
of photoperiodic activity by chelating agents thus appears to represent the 
reversal of an inhibition of photoperiodism caused by a metal ion in the 
regular distilled water. A number of metals have been tested in the rela- 
tively purified system for such inhibition, as assayed by the promotion of 
flowering in L. perpusilla in long days. Both cuprie and mercuric ion are 
highly active; at 1.6 x 10° M, the former has no effect on flowering in short 
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days but promotes the low long-day value up to that found in short days 
These results may thus prove significant in analyzing the photoperiodic 
mechanism by making possible its relatively specific inhibition by known 
substances. Much further work will be needed to tell how these trace 
metal effects may be related to the dilution reversal of EDTA action, and 
whether they are exerted directly or through interference with the action 
of other metals (e. g., iron). The contaminant in the regular distilled water 
has not been identified as yet, but is most likely copper; it is interesting 
to note that the same or an equivalent substance was apparently present 


in Kandeler’s original experiments. 
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ABSTRACT 


The photoreaction that regulates flowering of photoperiodically respon- 
sive plants is photoreversible. The wavelength maxima for the opposing 
reactions are 660 and 730 mp. The reaction may be written P (660) a 
P( 730) in which P(660) and P(730) are the two forms of the photoreeep- 
tive pigment. The reaction also proceeds in the direction P(730) ~ P (660) 
in darkness at a rate in some plants that indicates a half life of approxi- 
mately 2 hours. It is saturated at low energies in each direction and because 
of its photoreversible nature it controls flowering equally well at low and 
high light intensities. 

The photoreversible reaction that controls flowering also regulates 
several other non-periodic photoresponses of plants. These include seed 
germination, pigment formation, stem elongation, and leaf enlargement, all 
of which are photoreversed by radiation of wavelengths of 660 and 730 mp. 
Because of the identical nature of the photoreactions controlling all these 
responses, any detail of the reaction may be investigated in the response 
that best exhibits it. Detection of the reaction controlling stem elongation 
in albino barley plants, for example, shows that these colorless plants con- 
tain the pigment. Because of the conspicuous response of plants to red light, 
the light-absorbing pigment must be blue. Lack of apparent blue color in 
albino barley plants, however, indicates that concentration of the pigment 
is below the limits of color vision. 

No chemical assay is known for the photoreceptor, but a physical one 
based on characteristics of the pigment determined physiologically was de- 
signed. It depends on changes in optical density of a sample of plant ma- 
terial or a plant extract induced by moderately intense radiation at 660 
or 730 mp, which converts the pigment to one form or the other. The 
optical density is then measured at 660 and 730 my by a spectrophotometer 
of speciai design and sensitivity that uses measuring light beams of such 
low intensity that they do not drive the reaction perceptibly in either 
direction. Circuitry is such that the measurement reported is a rapid suc- 
cession of differences in optical density at the two measured wavelengths. 
The photoreceptor is next converted to the other form by an appropriate 
irradiation after which the differences in optical densities at 660 and 730 mz 
are again measured. The average difference in optical density measured 
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with the pigment predominately in one form plus the similar differenc 
when it is in the other form gives a sensitive physical measure of the photo 
reversibility of the sample. 

The method was used to detect the pigment in more than 30 plant species 
and to follow its separation during extraction procedures. The pigment is 
a protein, and one form presumably is an enzyme that mediates a presently 
unknown reaction common to all the phenomena that exhibit photoreversi 
bility. The extracted compound has not yet been completely purified o: 
identified. It was given the trivial name ** phytochrome.”’ 

The details of this subject were published in more extensive form in 
several recent papers included in the following list of references 
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Some protists, like the hardy, fast-swimming, deep olive-green, photo 
synthetic, voracious chrysomonad flagellate Ochromonas danica, combine 
the decisive attributes of plant and animal. Most textbook discussions of 
plant vs. animal are fogged by timidity when protists rather than oaks and 
elephants are discussed. Even the most zoophobie and misanthropic of 
botanists—only grudgingly granting zoology a status above that of a 
branch of plant pathology—must concede that in comprehending what 
plant means, insight about animality helps. No less must the student of 
animality appreciate the plant origins of many of the devices uniquely 
animal, e.g. vision. 

Some morphological and hormonal implications of T. Il. Huxley’s 
definition of animals as eaters have been sketched elsewhere (Hutner 1961 
Electron-microscope and isotope-tracer experiments emphasize that the 
talent underlying eating is appreciable synthesis of food-vacuole membrane 
Organisms unable to do this are plants ; they have other specializations : 
photosynthesis, the elaboration of external digestive enzymes as in hetero 
trophic bacteria and fungi, or efficient systems for using dissolved nutrients 
Since O. danica can live by photosynthesis, with all its carbon coming from 
CO, except for those traces represented by its requirements for thiamine 
and biotin (Aaronson and Baker 1959, Allen, Goodwin and Phagpolngarm 
1960), it can live as a plant. It also can live in the dark on particles—i.e., 
as an animal. Rather than set up a kingdom Protista (Whittaker 1959 
and saying *‘animal-like’’ or *‘ plant-like,’’ it seems better to call O. danica 
and similar protists plant-animals—which accords with their experimental 
uses. The investigator chooses whether the problem attacked is of zoologieal, 
botanical, protistological or protozoological interest; the organism does 
not care 


As evident from the references, I have ited here as spokesman for ' group of 
colleagues and students but they are not to be held responsible for imprudenees in leap 
ing at conclusions. I am indebted to Elliot Packer and Marvin Mendelow for some of 
the cited data on metabolic loading of Ochromonas danica. Work on plant-animals was 
iided by grants from the Loomis Institute, the American Cancer Society, and grants 
H-2974 and CY-4182 (C2) from the National Institutes of Health, U. S. Publie Health 
Servies 
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In trying to decide whether these brown-pigmented newcomers on the 
biochemical stage are ‘“‘humanoid,’’ an unforeseen difficulty arises: just 
what biochemically sets metazoa apart from the many lines of protistan 
animals? That is to say, the comparative biochemistry of animals is in its 
infaney. One needs too the background of a comparative biochemistry of 
basic plant types, comprising photosynthetic bacteria, blue-green, red, and 
brown algae, and green plants (the latter in the sense of comprising 
Volvocales, euglenoids, other green algae, and land plants 

This paper outlines some ways in which these plant-animals are uniquely 
suited for investigating otherwise hardly accessible processes in plant and 
animal growth. We may so see deeper Into plant and animal 

EXPERIMENTAL ADVANTAGES OF GLUTTONOUS 
PLANT-ANIMALS. Ochromonas danica has an enormous capacity to di 
vest prey. We have watched a few individuals in a hanging drop gorge on 
dense populations of Escherichia coli, nearly wiping out the bacteria whik 
multiplying prodigiously. That ingested bacteria can be nutritionally effiec 
tive was shown earier in a subtler way: O. danica satisfied its biotin rv 
quirement when fed bodies of Thiobacillus thioparus whose biotin was 
presumably all bound since it was unavailable to a biotin-requiring coccus 

Aaronson and Baker 1959 

O. danica, a glutton, must, like humans in the hunting stage of social 
development, gorge when it can to prepare for lean times ahead. In gorging, 
it must cope with surges of fuel and building blocks. We have lately met 
a problem: What happens when QO. danica is given all the simple building 
blocks and fuel it can handle—i.e., allowed a sustained gorge? This question 
is not simple; exploded hypotheses clutter our notebooks. Unexpectedly, 
at high concentrations of superior substates, e.g., the combination of glycerol 
and propylene glycol in table 1, growth increases sharply but nutritional 
imbalances appear. At lower concentrations of substrates roughly halt 
those in table 1), no such imbalances hinder growth. In unpublished ex 
periments, the additional growth requirements induced in O. danica by 
growth at elevated temperatures overlapped with those induced by media 
containing methionine far in excess of the concentration satisfying at 
amino-acid requirement as such. We now think that the common denomina 
tor in these ‘‘metabolic stress’’ experiments is a speeding-up of growtl 
which exaggerates the demands for certain nutrients such as trace elements 
and certain vitamins, and induces lethal imbalances in amino-acid utiliza 
tion. And, under still greater stress, imbalances develop in the utilization 
of as yet unidentified lipids 

The O. danica results are now outrunning the literature on rat and 
ehick nutrition which guided our early experiments. The appearance ot 
amino-acid requirements under the stress of greatly speeded growth seem 


ingly has its counterpart in the chick, whose high body-temperature (40 
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TABLE 1. Nutritional tmbalances shown by Ochromonas danica in high-substrate 
‘ a 
Growth period 5 days. Concentrations of ingredients g./100 ml. final medium unless 
otherwise indicate 
Basal d 
KH.PO O01 g. Thiamine HC] 0.05 my. 
MgCoO 0.07 g Biotin 0.5 wg. 
MgSO, -7H.O 1.02 g. or 1.2 mg. 
CaCO 8.0 mg. Mn l.l mg. 
L-Arginin Hcl O.lg Zn 0.6 mg. 
LL-Asparagine - H,O 0.1 g. Mo 0.06 mg, 
L-Glutamie acid 0.4 g. Cu 0.06 mg 
L-Histidine HCL: HO O.1 g. Co 0.06 mg, 
Sucros LOg B 13.0 wg. 
Citrie acid H.O 0.1 g. \ 6.0 wg. 
K., citrate’ HLO og I 5.0 wg. 
NH H citrate Ol g Ss 2.6 ug. 
cos No 1] 
DL-tryptophar 9.0 mi /100 
N 10 mg Proteose peptone 0.1 
Hvease 0.4 Liver L 0,04 
yeast iutolystate O.06 
| Mecdiun ( 1.6 ,S8 
& j 1.6 6.6 
6 4 4 
( 0.54 12.4 +.4 
5 2 ) 6.6 7 
( Valo 1926 oo 10 
vw; 9 
& ) 0) 
r Ss portion of the mediun was stored frozen is nm «ary mix Co entrations of 
tals a riven, not that of tl salts. The following supplementary substrates we 
then added together Glycerol 0.4 g Na glycerophosph te S5H.O 0.4 g 
‘he pH was adjusted to 5.0-5.4. Experimental media were distributed in 5-ml. 
mounts in 25-n Kimble micro-Fernbach flasks, covered with polypropylene caps, and 
incubated in the dark at 32° for 2 weeks. The basal medium was made up in 2 or 
tx-strength to accommodate supplementation without altering concentrations in the 
final medium. In the table concentrations are grams/100 ml. unless otherwise indicated. 
The growth results e expressed in optical density units corrected for dilution effects 
Vor on Tabli Hvease SF is a low-salt acid-hydrolvzed casein sold by th 
Sheffield Chemical Company, Norwich, N. Y. Liver L is an enzymatic digest of the 70° 
ethano nsoluble fraction of ( Nutritional Biochemicals Cory The C.S. No. 11 
complete supplement” s ! ture otf Hvyease, alkali-hvdrolyzed veast ribonuele 
cid, acid-hydrolyvzed erring deoxyvribonueleie acid, B vitamins, fortified with methi 
ne, tryptophan, adenine, and guanine; for a description see Hutner et al., 1957. 
The aecordion” design used in this « xperiment, im which total coneentration of the 
medium is varied while s ipplements stay at constant concentration, has proved effectivs 
in detecting imbalances. The superiority of more concentrated media, and the elasticit 
the osmotie limit in the presence of adequate substrate and amino iid supplements, 


n mean that the organism's osmotic pump has one of the highest priorities, and its 


efficient operation in ira permits still further supplement ition of the medium 








| Vor SS 
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#2° contrasted with our 37°) and rapid growth makes it outstrip its ca 
pacity to synthesize such *‘ unessential’’ amino acids as glycine and arginine 
Also, the appearance of a B,, requirement when O. danica was given excess 


methionine + glycine along with certain supplementary nutrients (table 2 


TABLE 2. Induction of a vitamin B,. regi ment in Ochromonas danica by loadine 
with methionine alucine 
Basal medium as in Table 1 exeept glycerol 0.5 g., propylene glycol 0.2 g., pentane 


I.5-diol 0.1 g 


glyeine 0.1 


——— S Shue I.-isoleucine 0.01 C 
[.-leucine 0,02 By. 5.0 ug 
L-lvsine 0.04 
| No add 2.2 0.95 | 1.5 
2 Dl.-methionine 0.1 yA 1.0 1.8 1.4 
0.2 $.7 2.6 1.4 1.3 
} O.4 0 0 1.3 OLS 
) it a 0 “ | 
‘ & ‘) 0 0 0 
DL-Methionine 0.5 
7) gliveine @.1 ) 0) 0 
~ 0.2 () ft) ) O75 
0 0.4 0 >. 1 l.4 O.95 
Notes on Tabli Im msn experiments londing with giveine alone did not elicit 
B,. effeet. The increasing growth with increasing methionine in the unsupplemented 
medium (column A"), reflects the use of methionine as a substrate prevailing over 
interferences with amino-acid uptake or utilization. Use of more complex supplements 
permits rapid growth with as much as 0.14% methionisn Use of higher levels of sub 
strates, as in the experiment shown in Table 1, changes these balances drastically, as 


liscussed in the text 


may, in view of the multiple interconnections between B,, and folie acid 
synthesis and function (Ilutner, Nathan, and Baker 1959), have its counter 
part in the enhanced folic requirement of chicks fed excess glycine ( Naber 
et al, 1956). The enhanced B,, requirements in animals given thyro-active 
materials and in Ochromonas malhamensis grown at elevated temperatures 
discussed by ILutner ef al. 1958b, in a review of the sociology and epistem 
ology of trace-element and B,, research) now fit into place as consequences 
of speeded growth 

Vertebrates, including humans, treated with thyro-active substances 
have enhanced nutritional requirements besides that for B,.. These nutri 
ents have not vet been identified for the rat (Overby and Fredrickson 
1960); likewise, supportive diets for thyrotoxic patients are primitive 

Extensive damage in higher animals is followed by a wasting of skeletal 
muscle and negative nitrogen balance not alleviated by ordinary high 
caloric or high-protein diets. This process is controlled by the anti-shock 
cortical hormones. If in emergencies higher animals do fall baek upon an 
an ordinarily inconspicuous metabolic pathway to make ready fuel and 


repair parts, centering around certain amino acids and related compounds, 
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comparison of metabolic stress in higher animals and protozoa may reveal 
a common denominator. It becomes of evolutionary and taxonomic interest 
to look for corresponding systems imbedded in different plant lines. This 
emergency system may include one or another of the newly discovered 
metabolic cycles in which vitamin B,, figures, such as transformations of 
propionate and the glutamate > succinate interconversion proceeding by 
way of B-methylaspartate (Stern and Friedman 1960, Eggerer et al. 1960 

In unpublished experiments the added growth requirements induced in 
O. danica by incubation at elevated temperatures resembled those induced 
by media containing excess methionine. The common feature may be that 
fast growth increases the demands on certain nutrients (notably certain 
trace elements and vitamins) and causes imbalances in amino acids 

Unpublished experiments with fast-growing ciliates indicate that effi 
cient substrates can be overlooked because, while giving growth an im- 
mediate Mnipetus, essential svntheses lag, especially of amino acids and of 
vitamins and other co-factors for metabolizing these substrates directly or 
for preliminary conversions into metabolizable forms. Paradoxically, then, 
rapid growth may lead to poor growth. Metabolic stresses can be allevi- 
ated—and so identified—in organisms amply permeable to nutrients re- 
lieving these strains. Otherwise one sees irremediable lethality. Complicated 
amino-acid balances are no new thing in plant tissue culture. One wonders 
how many coconut-milk factors are no more then brittle balances. All 
**protein’’ and ** peptide’’ factors have so far in microbiology been resolved 
into amino acids balances, sometimes complicated by peculiar trace-metal 
requirements or trace requirements for fatty acids or sterols. A partieu 
larly instructive example is the ciliate Glaucoma scintillans (Holz, Wagner 
and Erwin, 196] 

VITAMIN B,. AND THE PROTISTAN TAXONOMIC LABY- 
RINTH. The prescient chairman of this meeting has said: ‘*The unifying 
force of systematics in the fields of botany and zoology gives it a tran 
scendental importance as vet too little recoenized’’ (Steere 1959). The 
following is adduced in support: 

A characteristic separating green plants and higher fungi from other 
creatures is their lack of B,.. Strict vegetarians (*‘vegans’’) come down 
with a faesimile of pernicious anemia unless they are lueky in having 
intestinal bacteria which are good B,. producers. Before regarding By» as 
the thread of Ariadne that leads through the taxonomic labyrinth of the 
Many protistan groups of puzzling position (how delightful to assign this 
group to the orthodox plant kingdom and that one to the main animal 
lines, just as in Gilbert and Sullivan’s Jolanthe each child born alive is 
either a little liberal or else a little conservative), one must understand the 
distinction between containing and requiring By. For surety, an organism 


neither containing nor requiring B,. should be shown to lack any B 
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catalyzed reaction. This caution is suggested by Euglena: it requires B 

but does not contain any, as measured by all available assay organisms 
such as higher animals, Fuglena itself, various bacteria, and Ochromonas 
malhamensis. The taxonomic character represented by B,. distribution has 
economic as well as medical importance: plant feeds for farm animals ai 

now supplemented by ‘‘animal protein factor,’’ whose main potent in 
eredient is By, usually made by special microbial fermentations. The ex 
tremely rapid growth and efficient food conversions permitted by thes 
supplements has helped set the stage for investigations on the importance 
of nutritional balances for efficient growth; my fellow speaker at this 
Symposium, Dr. T. Hl. Jukes, was, with his associates, the pioneer in this 
field 

Ochromonas malhamensis (smaller than O. danica and por rly photo 
synthetic) has a By. requirement exactly like man’s and not like Euglena’s ; 
the two patterns are quite different (Ford and Hutner 1955). Our faith 
that the vitaminic resemblance between Homo and Ochromonas is mor 
than convergence is encouraged by the remarkable parallel recently bi 
coming apparent to us that all the compounds oxidized by higher animals 
as listed by Wilhams, 1959) appear to be utilized by O. danica, either 
when tried singly or when sparked by other substrates. Since, as noted, 
3,5 figures conspicuously in stress reactions, any phylogenetic scheme for 
the different animal lines which lays emphasis on B,. patterns needs 
buttressing by a concordant taxonomy of stress reactions. And so a new 
taxonomic problem arises: which inducers of stress are the fundamental 
ones—elevated temperatures, abnormal nutrition, or certain chemother 
apeutie agents and herbicides? 

ENDOCRINOLOGICAL SEPARATIONS OF PLANT AND 
ANIMAL. Wooiley (1957) has suggested that serotonin may be. the 
counterpart of indoleacetic acid: that in plants where the sap is acidic, the 
acidie auxin has evolved; and in animals where the juices are rather alka 
line, the corresponding base serotonin operates and, in some lower verte 
brates, tryptamine. All, he thinks, may act by altering permeability to 
Ca and Me 

Here clearly posed is another problem in finding a common denomina 
tor between plant and animal 

The hormones of cellular organisms regulate the choices between using 
materials as building blocks or as fuel—insulin and steroid hormones being 
striking examples. If in land plants, as elsewhere, ‘mtercellular hormones 
had their origin in :nfracellular regulators, then a unicellular green alga, 
if subjected to metabolic stress, might have its capacity to synthesize hor 
mones so heavily drawn upon that its growth might become dependent on 
exogenous hormones or hormone precursors..Which green plant to try? 


Such unicellular form as Chlamydomonas or its Polytoma have a verv re 
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stricted permeability. The photosynthetic pigments of the euglenids are 
nearly identical with those of green algae (Goodwin 1960). In other mo 
lecular respects Euglena resembles higher fungi, thus it contains ergosterol 
Stern, Schiff, and Klein 1960). Euglena gracilis is permeable to a fair 
range of compounds, but it does not ingest particles and so is a poor ex- 
perimental object as compared with Ochromonas or cellular animals for 
studying nutrition under stress. But the euglenoids include many ani- 
mals of unmistakable euglenoid antecedents. One of them, Peranema tri- 
chophorum, in pure culture has nutritional requirements which include any 
of a variety of *‘plant’’ sterols (e.g. sitosterol, stigmasterol, ergosterol 

or ‘‘animal’’ sterols (e.g. cholesterol), unsaturated fatty acids, and a 
wide assortment of water-soluble factors (Storm and Hutner 1953). Its 
voracity is satisfactory: it can ingest whole small euglenas or cut holes 
and suck the juices from larger euglenas (Chen 1950 We had found 
nutritional analysis difficult because it needs surfaces and had narrow 
tolerances for essential fatty factors supplied according to the knowledge of 
that time. Recent advances in (@) ways of supplying lipid materials; (0 

knowledge of amino acid balances in nutrition; (¢) knowledge of the effec- 
tiveness of methyl cellulose and like hydrophilic particles which provide 
surface and so allow 3-dimensional growth in culture vessels; and (d) ad- 
vances in biochemistry, especially in knowledge of switching points between 
fuels and biosynthetic intermediates—all urge a thorough study of this 
animal, especially the pattern of its By. requirement. 

“CONTROLS” IN ELUCIDATING GROWTH REGULATORS 
IN PLANT ANIMALS. The remorseless logic of the preceeding argu- 
ment leads to the conclusion that the proper studies of botanists seeking 
to identify the intracellular mode of action of plant hormones are plant- 
animals like Ochromonas and animals like Peranema—the more voracious 
and gluttonous the better. Certainly the impotence of the orthodox botani- 
cal approaches to the problem, however valuable once in discovering these 
hormones, means that other approaches are needed; why not an attempt 
to outflank from the animal side? 

In assigning **plant’’ and ‘‘animal’’ characters to protists, a precept 
enunciated by an eminent molecular botanist, D. M. Bonner, might be re- 
called: a biological experiment cannot have too many controls. For the 
present purposes this means comparisons with as many kinds of organisms 
as possible before we dare conclude that the common denominator between 
chrysomonads and metazoa is the animal metabolic pattern, and that be- 
tween the euglenoids and other green-pigmented groups is the plant me- 
tabolic pattern. Only a few controls can be mentioned here. One wishes 
that some of the vast and repetitious effort put into studying the metaphytan 
hormones had been diverted into analyzing growth regulation in the multi- 


cellular brown and red seaweeds, and the many kinds of green algae having 
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multicellular organization. Recent advances in the cultivation of marine 
algae (Provasoli, McLaughlin and Droop 1957) point at a wide-open field 

Knowledge of the nutrition of other protozoa, notably of ciliates and 
trypanosomid flagellates, has advanced to where their metabolism under 
stress is accessible to analysis. Eventually these, it is expected, will be 
joined by members of the Acrasiales and other groups having ameboid 
stages in the life cycle. These might be termed plant-animals but in a 
different sense, since here the emphasis is on the apposition of ameboid 
feeding stages with immobile reproductive stages culminating in eyst for 
mation. Where these organisms belong in a ‘‘natural’’ classification, 
whether closer to green-plants and the main animal lines, is wholly unknown 
and discussion would take us far from the main interests of most of the 
botanists here 

The dinoflagellate plant-animal line is beginning to be explored bio 
chemically. The possiblities are exciting as they include some of the most 
elaborate of pure animals, e.g. Voctiluca, as well as hosts of photosynthetic 
forms, with and without phagotrophic abilities 

In a functional sense the symbiotic associations of invertebrates and 
algal flagellates (classically termed zooranthellae and zoochlorellae) are 
plant-animals although here the animal hosts play the conspicuous taxo 
nomic role in the association. Again one sees exceptionally succesful forms 
of plant life almost wholly neglected by botanists. Recent axenie cultiva 
tion of some of the zooxanthellae of coelenterates (MeLaughlin and Zahl 
1959) indicates that this vast assemblage is now accessible to experimen 

PRACTICAL USES OF PLANT-ANIMALS. Determination of B 
by Ochromonas malhamensis is widely used as a realistic replacement for 
chick and rat assays; it is the official method in Britain. A new use is 
developing: screening for anti-cancer agents. Several pharmaceutical firms 
are employing chrysomonads with some success ; details should be published 
in a year or two; see Hutner ef al. 1958b. 

The patterns of susceptibility to chemotherapeutic agents are in them 
selves taxonomic characters. The manifold distinctions between antibae 
terial and antiprotozoal drugs throw into relief the many overlappings be 
tween antifungal and antiprotozoal agents. Should Ochromonas efficiently 
detect compounds specifically, cytotoxic to metazoan cells as compared 
with vreen-plant cells or, conversely, should Pe ranena detect compounds 
specifically herbicidal but harmless to chrysomonads and metazoa, the 
taxonomic scheme inferred from the present discussion would be supported 
If plant-animals efficiently detected toxicity to metazoan cells, then they 
might become useful in detecting those herbicides, insecticides, and other 
agricultural chemicals presenting unreasonable hazards to higher animals 

Chlorophyll formation in Ochromonas danica, O. malhamensis, and 


Euglena gracilis is inhibited by the herbicide 3-amino-1,2,4-triazole; as 
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oligorhiza were about equally sensitive (Aaronson and Scher 1960). Amino- 
triazole inhibition of growth and chlorophyll formation in O. danica was 
annulled by Fe, in part by cholesterol (Aaronson and Bensky 1960), and 
also by adenine but not by riboflavin; the combination of Fe and adenine 
was very effective (Aaronson and Bensky personal communication). This 
instance is cited to indicate how convenient O. danica is for mode-of-action 
studies of cytotoxic materials 

Another source of information drawn on for plant-animal studies is 
the trouble ruminants occasionally have in coping with surges of ketonic 
acids. Little if any carbohydrate is absorbed by the cow from the rumen 
contents; ruminants depend on aliphatic fatty acids. Ruminants may have 
retained—or developed—metabolic pathways not obscured by the usual 
predominance of carbohydrate utilization. One of the original reasons for 
trving propylene glycol on O. danica was that it corrected ketosis in cattle 
as well as glucose did (Waldo and Schultz 1960). The role of corticoid 
steroid hormones in accelerating interconversions of carbohydrate and 
other foodstuffs is dramatically shown by their effectiveness in treating 
ketosis (Neff, Connor, and Bryan 1960 

Screening programs are tedious, expensive but inescapable, and so the 
most information possible should be derived from them. Detection of 
cytotoxic materials showing differential toxicity as distinguished from gen 
eral *‘protoplasmic’’ poisons points up a situation which has changed 
from joke to occasional actuality: a cytotoxic material may be a cure; the 
trick is to find the disease. The range of test systems might embrace viral, 
bacterial, protozoal, and fungal pathogens; herbicides; and tumors. Dr 
Jukes in this symposium has given examples of how the compounds and 
concepts of one branch of chemotherapy apply to another. Plant-animals 
may be versatile tools for identifiy ine the **disease.’”’ 

A biochemist told me that plant biochemistry follows two years behind 
animal biochemistry. Granted that some of this lag reflects the huge support 
for medical research, the contention here is that plant-animals provide 
opportunities for botanists to lead; indeed, the first phagotrophic chryso- 
monads were isolated almost simultaneously by E. G. Pringsheim and R 
A. Lewin, both botanists, and my colleague L. Provasoli, whose interests 
range from insects to seaweeds, Peranema was isolated by Chen in Pring 
sheim’s laboratory 

SOME CONCLUSIONS. I should like to endorse explicitly from my 
own experience, if | may, the importance accorded taxonomy in the pre- 
viously cited address by Dr. Steere. One moral derived from the previous 
discussion is that growth studies contribute to taxonomy, and that tax- 
onomy guides growth studies. My colleagues and I had long scoffed at 


such artificialities as a widely accepted older taxonomic scheme, pro 
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pounded by a zoologist haughtily ignorant—or worse, contemptuous—of 
the work of Pascher, Pringsheim, and other botanists; he welcomed the 
colorless euglenoids into the animal kingdom and dismissed the green ones 
as plants fit only for botanists to study. The preposterousness of his jude 
ment was emphasized when streptomycin, in converting green euglenas M 
into permanently colorless ones (put in the genus Astasia), proved a lever 
for moving some euglenas from one kingdom (!) to the other—a feat Ni 
besides which moving organisms from one species or genus to another 


paled, so to speak, into insignificance. And, impressed by the unity of 


Ni 
biochemistry (before setting out to define disunities of biochemical and 
chemotherapeutic interest), and partly zoologists by training, we were 
not too proud to set Euglena and later Ochromonas to work on medieal 0 
problems. | therefore enjoy this opportunity to urge botanists not to be 
constrained by taxonomic divisions reflecting prejudices inherited from P 
bad textbooks and fossilized administrative convenience 

Si 
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Probably the most critical question we may ask concerning plant tissu 
culture is: What can be done with plant tissue cultures that cannot be done 
With intact plants? Or, put another way, what advantages are there in 
growing the cells and tissues of higher plants im vitro? The best way to 
answer these questions is to describe some of the recent work which has 
been done. In this way, we can evaluate some of the contributions which 
plant tissue culture has made to increasing our understanding and control 
of plant functions. We may also be able to discern some of the new avenues 
of research in plant tissue culture and the goals which lie ahead. 

No attempt will be made here to give a complete review of the very 
extensive literature on plant tissue culture. Gautheret’s (1959) recent book 
summarizes the work up to about 1958 and emphasizes the early pioneering 
work of White, Nobecourt, Morel, LaRue, and others, as well as his own 
contributions. Additional important work on root culture (Torrey 1956, 
Street 1957, Dawson 1960), embryo culture (Rappaport 1954), leaf culture 

Steeves and Sussex 1957), ovaries (Nitsch 1951) and other aspects of 
organ culture will not be considered here. Nutrition of plant tissue cultures 
and investigations on plant tumors have been reviewed, respectively, by 
Gautheret (1955) and Braun and Stonier (1958 

TISSUE AND CELL CULTURE. Practically all parts of a plant 
have been used for tissue cultures: roots, cambium, phloem, endosperm, 
leaves, pollen, nucellus, and stems. However, it would be misleading to 
assume that all plants or all tissues of a given plant may be easily cultured ; 
this is not true. Certain groups of plants, the aroids for example, or certain 
parts of a plant (leaves) are difficult to culture. Since we do know that 
cultures may be started from a great many plant tissues, eventually it 
should be possible to induce a tissue culture from any tissue of an intact 
plant. Tissues from virus tumors, crown galls, insect galls, and genetic 
and X ray-induced tumors, may also be grown on suitable media 

One of the most important advances in recent years has been the develop 
ment and use of techniques for growing single cells of higher plants. Muir. 
Hildebrandt and Riker (1958) took single cells of tobacco callus cultures 
and established clones of tissue. The cells were grown in the fluid of a nurs- 
ing tissue culture, but separated from direct contact with the tissue by a 
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piece of filter paper. This method was put to use by Braun (1959) in an 
elegant demonstration of the unequivocal totipotency of single cells of tera 
tomatous crown gall tumors of tobacco. Braun isolated single cells of the 
tumor, established a clone of tissue, then grafted it back into tobacco plants 
and obtained normal stems. This showed that the transformation from nor 
mal to tumor tissue by the crown gall bacterium was not permanent; hence, 
the change was not nuclear, but probably cytoplasmic. Rejuvenation of ma 
ture single cells of tobacco tissue cultures is reported by Jones, Hildebrandt, 
Riker and Wu (1960). Using a new technique of microculture they observed 
that old giant cells were rejuvenated by producing 20-30 small cells within 
the old cell; the voung cells were liberated as a new colony of tissue. 
Mitochondria and nuclei were also observed during various stages of cell 
erowth and division. Bergmann (1960) made observations on single cells 
of stem callus cultures of tobacco by plating out the cells on a thin layer 
of agar in a Petri dish. His method was especially useful for the observa 
tion and selection of large numbers of cells. The growth and division of 
single cells of tobacco tissue was readily followed in culture. Use of this 
technique should assist . the establishment of clones of tissue derived 
from single cells. Suspensions of carrot root cells growing in liquid media 
were studied by Steward (1958), Steward, Mapes, and Mears (1958), and 
Mitra, Mapes, and Steward (1960). They described the development. of 
Whole carrot plants from these cell cultures. The plants grown im vitro 
were transferred to the greenhouse and grown to flowering and seed pro 
duction. The remarkable observation in their work was that the develop 
ment of carrot plants from cultured cells resembled the typical pattern 
of embryogenesis in carrot 
To all outward appearances most cultures of plant tissue appear to be 
homogeneous masses of undifferentiated cells. Closer observation reveals 
that some cultures contain only random vascular elements in the callus and 
others produce normal or abnormal roots and occasionally abortive stems or 
buds from callus tissue. Also, at the cellular level, the chromosome comple 
ment has been found to vary, depending on the culture medium. Torrey 
1959) found that tissue cultures from pea root callus, grown on media 
containing 2,4-dichlorophenoxyacetice acid and veast extract, changed from 
diploid to tetraploid within one week; cultures grown on a synthetic salt 
medium without additives maintained their diploid complement. This 
tendency to polyploidy has also been described in spruce tumor tissue 
cultures by de Torok and White (1960) and for other tissues as well 
Grafting tissue cultures into whole plants, or grafting buds into tissue 
cultures, may prove helpful for investigating how plants control tissue fune- 
tion. Successful grafts of endive buds into endive root tissue cultures have 
been made by Camus (1949); the vascular elements of the buds and the 
tissue culture were united. However, Wetmore (1954) found that. this 
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union of vascular elements was absent in grafts of lilac buds into lilac 
callus. The effect of reciprocal grafts of tissue cultures from two different 
species was reported by Duhamet (1957). With radish tissue culture as the 
stock, wild salsify tissue (scion) was stimulated in its growth; conversely, 
with wild salsify as the stock, radish was inhibited in growth. Results of 
this type suggest that certain biochemical and genetic aspects of graft in 
compatibility might profitably be studied im vitro. This is a corollary to 
the over-all problem of how differentiation of structure and function may 
be brought about in tissue cultures under the influence of specific chemicals 
or substances from the whole plant 
One of our own current interests is the culture of tissues from the 
pollens of higher plants. Such tissues have been obtained from the pollen 
of the gymnosperms Ginkgo biloba (Tulecke, 1957), Tarus sp. (Tulecke, 
1959) and Pseudolarir amabilis. Thus far. no angiosperm pollens have been 
induced to proliferate as tissue cultures. The pollen tissues are haploid, 
undifferentiated, and may be colorless or contain chlorophyll. One strain 
of Ginkgo pollen tissue was isolated on a medium which contained the 
amino acid arginine (Tulecke, 1960); it grows best on this medium, but 
ammonia, lysine, urea, or proline can substitute for arginine to some extent 
The Tarus tissue is white and it has given rise to a variant which is green; 
thePseudolariz tissue is readily derived from pollen and it is green but 
slow growing. The derivation of tissue cultures from the haploid) male 
sexual apparatus—the pollen grain—imakes these tissues of particular 
interest. They may contribute to our understanding of pollen physiology 
and products of their metabolism are of interest. The tissues also offer the 
possibility of establishing homozygous lines of plants not attainable by 
other means. Diploidization, grafting the tissues into intact plants o1 
chemically inducing regeneration would be necessary. Because such plants 
would reveal recessive male characters, they would be useful in horticultural 
and agricultural breeding programs They would also shorten the time 
required to attain homozygosity of a particular strain 
Plant tissue may be cultured in large quantities in liquid media in a 
manner similar to that used for microbes and animal tissue cultures 
Tulecke and Nickell 1960). The tissues of Ginkgo pollen, Rosa stem, Iles 
stem, and Lolium endosperm have been grown in a carboy culture apparatus 
10-18 liter capacity) of simple design. Aeration and agitation by a stream 
of sterile air, together with facilities for medium additions and sampling, 
meet the necessary requirements. The vields of tissue amount to two to 
five pounds or more per carboy, depending on the tissue, the age and amount 
of inoculum, the temperature, the length of time the carboy culture is run, 


and the level of nutrients supplied 
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MEDIA, GROWTH FACTORS, AND GROWTH REGULATION. 
A rather large number of media have been devised for the nutrition of plant 
tissue cultures. Some of these are synthetic (Gautheret 1959, Heller 1953, 
Nitsch 1951, White 19438, and Hildebrandt, Riker and Duggar 1946) and 
others contain mineral elements with non-defined adjunets such as yeast ex 
tract. coconut milk, or tomato juice. The most desirable situation from an ex- 
perimental point of view is to have a medium of known constituents which 
will support minimal (or better) growth. However, in those cases where 
tissue growth depends on yeast or some other extract, an analytical ap 
proach to medium design is often adopted, the purpose being to isolate the 
components of the extract which promote growth. The fractionation of 
coconut milk by Shantz 1954, Pollard, Shantz, and Steward 1959, and 
Shantz and Steward 1955, has revealed a variety of substances which 
promote the growth of explants of the phloem of carrot roots. Amino acids, 
sorbitol, 1,3-diphenyvlurea, leucoanthocvanin, and several unidentified sub 
stances have proved active in their bioassay. Other growth factors in tomato 
juice are reported by Nitseh (1951la) and Straus (1960), those in corn 
steep liquor by Fox and Miller (1959). Whether these factors are essential 
to one or many tissues or to a particular cell function, remains to be 
determined 

Synergism is known to occur between the different compounds in a 
medium upon which a tissue culture grows. An example is that reported 
by Steward and Caplin (1951) for 2,4-D and coconut milk. Potato tuber 
tissue was stimulated to rapid proliferation on a basal medium containing 
added 2,4-D at 6 p.p.m. and coconut milk, 18 per cent but very little growth 
occurred on media containing only 2,4-D or only coconut milk. This stimula 
tory effect of 2.4-D and coconut milk has been used by investigators to 
grow many plant tissues mm vitro. Unfortunately, the nature of the sub 
stance(s) in coconut milk which interacts with 2,4-D to stimulate plant 
evrowth has not vet been identified 

The discovery of kinetin (6-furfurylaminopurine) and the demonstra 
tion of its role in the regulation of root, callus, or shoot production in 
tobacco pith callus has been reported by Skoog and Miller (1957). On a 
basal medium with 2.0 p.p.m. TAA, tobacco callus cultures formed roots 
with 0.02) p.poam. kinetin, callus with 0.2 p.p.m. kinetin, and shoots with 
2.0 p.p.m. kinetin. Different strains of tobacco callus were found to require 
adenine and/or tyrosine in addition to kinetin and TAA. Skoog and Miller 
emphasized that the specific responses obtained would not apply to all 
tissues. Their results also oppose the thesis of specific organ-formineg 
substances 

In the past, much effort has been placed on increasing the growth rate 


| 


of plant tissue cultures. Better media, new growth-promoting compounds, 
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the use of liquid media, and so on, have all aimed at improved growth. The 
results have been good as very appreciable vields of tissue can now be 
obtained. However, it is quite certain that this approach is undesirabl 
for certain results, for example: differentiation, attaining a metabolic 
state for the synthesis of certain compounds, or for virus replication (Wau, 
Hildebrandt, and Riker 1960). In these instances. a reduction in growth 
rate might be required to achieve a function analogous to that in an intact 
plant. The use of antimetabolites is one method which has been tried with 
limited success, although it does assist in identifying metabolic pathways 
in operation in a tissue. Steward, Pollard, Patchett, and Witkop (1958 
used hydroxyproline and several related compounds to inhibit the growth 
of carrot root tissue cultures; this inhibition was reversed by the addition 
of proline to the medium. These results provided another piece of evidenc 
for the theory of Steward and Pollard (1958) that proline is taken up in a 
portion of cellular protein which does not turn over; this proline is trans 
formed into hydroxyproline in the protein im situ. Actively dividing cells 
are thought to contain more of the protein with hydroxyproline than resting 
cells 

ANALYSES AND BIOCHEMISTRY. Coniparisons of plant tissue 
cultures with the parts from which they were derived have been made on a 
number of tissues: Bove, Bové, and Raveux on Citrus limonum (1957 
Steward, Thompson and Pollard on Solanum tuberosum (1958). and 
Weinstein, Nickell, Laurencot, and Tuleeke (1959) on Agave toumeyana 
Striking differences were observed in each case. Tissue cultures of Citrus 
contained more y-aminobutyrie acid, proline, citrie acid, and an unidentified 
orgamie acid than did the intact plant; the level of potassium in the culture 
medium strongly influenced the amounts of free amino acids in the tissu 
cultures. For potato, the protein of actively dividing cells in tissue culturs 
was found richer in hydroxyproline and basic amino acids than the protein 
of mature potato tuber cells. The bulk protein of Agave also showed a 
greater amount of hydroxyproline in the tissue culture and free hydoxypro 
line was present in the tissue culture but not in the leaves. Thus, the trans 
formation of Agave from a slow-growing leaf tissue to a fast-growing tissu 
culture involved the conversion of proline to hydroxyproline in protein 
synthesis 

Cell particulates isolated from plant tissue cultures have begun to attract 
the interest of biochemists. Actively growing cultures can provide an ex 
cellent source of mitochondria (Tamaoki, Hildebrandt, Riker, Burris, and 
Hagihara 1960), cell walls (Lamport and Northeote 1960), and protein 
particles (Sutcliffe, Bollard, and Steward 1960). Dougall and Shimbayashi 
1960) studied fractions of tobacco pith callus tissue cultures, including 
soluble amino acids, soluble protein, formic acid soluble protein, and cell 


wall residue. After several washine cycles, the cell walls of tissue cultures 
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were found to contain 21 per cent of the total nitrogen as compared to 1.7 
per cent for cell walls from pith cells of tobacco stems. In the cell wall 
residues of the tissue cultures, the predominant amino acid was hydroxypro- 
line; this amino acid was not identified from the other cell fractions. This 
suggests that hydroxyproline is a structural component of cell wall protein, 
especially in actively dividing cells. Supporting evidence for this view comes 
from a report by Lamport and Northcote (1960) who found hydroxyproline 
in the protein of cell walls from tissue cultures of Acer pseudoplatanus and 
Phaseolus vulgaris. In fact, the correlation of hydroxyproline content 
and amount of cell wall material was sufficiently good for hydroxyproline 
to be an index of the cell wall material in tissue cultures. On this basis, Acer 
pseudoplatanus cells are made up of 40 per cent cell wall at the stationary 
phase of growth, hence, the cell wall protein is an important component 
of these plant cells. 

The free amino acids of crown gall tissues and normal tissues of wild 
salsify have been analyzed qualitatively by Lioret (1957). Surprisingly, 
an unknown free amino acid was found in the crown gall tissue which was 
not present in normal tissue. A large amount of this amino acid was also 
reported for crown gall tissues of tobacco, Jerusalem artichoke, and Virginia 
creeper 

The amino acid arginine occurs in large amounts in the winter storage 
tubers of the Jerusalem artichoke. Tuber tissues were cultured im vitro 
by Duranton for the purpose of studying the metabolism of arginine through 
the use of labeled compounds (1958). The scheme of arginine breakdown 
in tuber tissue was found to resemble the same degradation pattern known 
to occur in microorganisms, 1e., from arginine to urea and ornithine and 
thence through intermediates to proline. Results on the synthesis of lysine 
by tissue cultures of Helianthus, Melilotus, Agave, and Ginkgo and whole 
plants of Azolla and Lemna (grown in vitro) are reported by Vogel (1959 
The pathway of lysine synthesis was via a- (-diamino) pimelice acid, the 
same as that which occurs in Escherichia coli and the algae. 

MIXED CULTURES. Plant pathogens and their relation to host 
tissues have been studied mm vitro through the use of plant tissue cultures. 
The work on genetic, virus, and crown gall tumors has been reviewed by 
Braun and Stonier (1958). One of several important results of their work 
on crown-gall tissues was the demonstration that both a cell division and a 
cell enlargement factor were produced by fully transformed autonomous 
bacteria-free crown gall tissues of tobacco. Transformation of normal cells 
Was a function of the time the tissue was in contact with the virulent 
bacterium : 34 hours gave slow-growing tissues, 50-60 hours gave moderately 
fast-growing tissues, and 4 days were required for the production of fast 
erowing tissues. In contrast, the normal tobacco tissue did not grow fn vitro 


unless supphed with kinetin and an auxin; this growth was very slow 
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Growth equal to that of the fully altered type of tumor tissue was achieved 
only when the normal tobacco tissue was grown on the basal medium suppl 
mented with glutamine, asparagine, inositol, and guanylic and evtidyli 
acids, in addition to the auxin and kinetin. 

Root knot nematodes were found by Sayre (1958) to grow better in 
potato callus which contained vascular elements than in undifferentiated 
callus. Females were always associated with vascular tissue; their develop 
ment did not go beyond the second larval stage when vascular tissue was 
absent. Actively-growing tissue cultures were least attractive to these nema 
todes. The growth of nematodes on tissue cultures offers the possibility of 
studying how the feeding habits of the nematode cause polynucleate giant 
cells to form in the host. It also provides a means of establishing the growth 
requirements of nematodes and, hence, could lead to the development of 
improved nematocides 

The growth of plant parasitic fungi on tissue cultures of grape has been 
studied by Morel (1948). Both a powdery mildew, Unermula necator (Scehw 
Burr, and a downy mildew, Plasmopara viticola (Berk. and Curt Berl 
and de Toni, were successfully grown in vitro 

Some encouraging results for the replication of plant virus have been 
presented by Bergmann (1959) and by Wu, Hildebrandt, and Riker (1960 
Bergmann (1959) obtained vields of tobacco mosaic virus (TMV) from 
Vicotiana tabacum tissue which equaled that found in systemically infected 
tobacco plants. However, the production of virus was not consistently 
high. In the results of Wu and associates, TMV was produced in greatest 
amount from tobacco tissue cultures which were 30-40 days old when 
inoculated with virus; the virus was titered one week later. The younger 
actively-growing cells were more resistant to virus infection 

Callus cultures from grape galls have been used to raise gall-forming 
phylloxera Pelet, Hildebrandt, Riker and Skooe 1960 note that one 
colony was kept alive through five successive generations. They found that 
the gall tissues differed very markedly from normal tissues in their response 
to l-naphthaleneacetic acid, kinetin and other substances 

ENZYMES AND SYNTHESES. Studies on cultures of virus wound 
tumor tissue of Rumer have shown that a-amylase is secreted into the culture 
medium by the tissue (Brakke and Nickell 1951, Nickell and Brakke 1954 
This was the first demonstration of an extracellular enzyme from higher 
plants. Excised roots of Rumer showed no detectable enzyme secretion. The 
lack of a virus-free normal tissue culture of Rumer made it impossible to 
compare the virus induced tumor tissue with a normal tissue. Hence, it is 
not known whether a-amylase secretion is attributable to the virus in the 
tissue or to changes induced by the virus. However, other tissue cultures are 


known to utilize starch as the sole source of carbohydrate; Straus and 
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LaRue 1954 reported starch utilization by tissue cultures of corn 
endosperm 

Gentile and Naylor (1955) determined the presence of peroxidase, 
catalase, and two cytochrome-c reductases for Rumer virus tumor tissue ; 
ascorbic acid oxidase, polyphenol oxidase, and laccase were absent. More 
recent biochemical studies of the Rumer tumor tissue are in progress by 
Porter and Weinstein (1959 

There are relatively few reports on the synthesis by tissue cultures of 
compounds which they might be expected to make. A tissue isolated from 
the root of a plant which produces an alkaloid would be expected to have 
the capacity to synthesize that alkaloid. West and Mika (1957), for example, 
demonstrated the synthesis of atropine by callus cultures from roots of 
Atropa belladonna. The vields were quite low, however, when compared to 
the intact plant; they were also lower for root callus as compared to root 
cultures. The change from differentiated tissue and organs to callus tissue 
appears to involve the loss of the ability to synthesize certain compounds. 
Whether growth and a particular metabolic pathway may be regulated to 
vive desirable end-products remains to be seen. Efforts and results in this 
direction can be expected from investigations on tissue cultures of drug 
plants 

PROBLEMS OF CULTURING PLANT TISSUES. To keep a 
proper perspective, some of the difficulties of culturing plant tissues in 
vitro should be mentioned. For example, one to six months is needed to 
establish a vigorous tissue culture; additional time may be needed to design 
and improve the culture medium. The necessity of carrying out most manipu 
lations under sterile conditions is sometimes troublesome as in the growth 
period of two to four weeks for many experiments. However, there is an even 
greater difficulty which also applies to the field of animal tissue culture 
Biggers, Rinaldini, and Webb 1957). This is the tendency of tissue cultures 
to converge to a common cell type, to narrow their range of enzymes and 
metabolic activities, and to lose their specific functions. These difficulties, 
Which are sometimes cited as general criticisms of plant tissue culture, often 
seem to be added to those inherent in a specifie problem. The fact that 
advances have been made in the face of these difficulties is the best indication 
that the methods and approach of plant tissue culture are sound 

CONCLUSIONS. The methods of plant tissue culture now enable us 
to grow single cells or large amounts of tissues from various parts of higher 
plants. These cells and tissues are useful for a wide range of experimental 
studies; they may be used for cytological, physiological, biochemical or 
morphogenetic problems Radioisotopes, antimetabolites, cell particulates, 
analytical procedures, microdissection, grafting, and other procedures have 


been used in various combinations to help solve some of the basic problems 
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of the growth and function of plant tissues. It would be surprising indeed 
if the advances of the last decade were not greatly surpassed by future 


endeavors. 
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David Fables Jr. 


James Leland Edwards 


When David Fables died on February 22, 1961, the Torrey Botanical Club 
lost one of it’s most active and enthusiastic students of the local flora, The importance 
of this severe loss to the organization becomes strikingly apparent when the relatively 
small number of active field botanists in the local region is considered and also the faet 
that Fables’ activities and interests, although mostly confined to New Jersey, covered 
i large part of what has been established as the Torrey Botanical Club's local area. 

David Fables, who died at the age of 45, was born in Bayonne, New Jersey. He 
lived in Roselle Park and Roselle, New Jersey for many vears. His educational training 
neluded Roselle Park High School, Union Junior College at Cranford, then Seton Hall 
University for a B.S. degree in 1942 and a Master's Degree in Biology in 1947. During 
his Union Junior College vears and later years while working for his Master’s Degree, 


he worked as a laboratory assistant in Union Junior College, as a biology teacher at 





(Photo bu Bogard) 


DAVID FABLES, Jr. 
May 24, 1917—February 22, 1961 
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Seton Hall Preparatory School, and at St. Patrick's High Sehool in Elizabeth. He 
oined the faculty of Union Junior College in 1946 and eventually beeame the head of 
the Biology Department there. He was so popular with the College that a Memorial Fund 
to be used mainly to develop a natural area on the College property has been established 


graduate 


n reeognition of his contributions to scientifie edueation. Dave continued 


studies at Columbia University and later at Rutgers lead toward a Doctor's degree 


ing 
in Biology. Twice he receeived grants from the National Science Foundation, first for 
summer work at the University of Oregon working on marine biology. The second covers 

studies in the New Jersey pine barrens, particularly in the Wharton Tract—-now state 
owned and including much of the heart of the “barrens” 

lorrey Botanical Club members who went on field trips had many chances te 
neet and know Dave because he served on the Field Committee from 1946 to 1955 
ind was chairman in 1954. He also participated in New Jersey Audubon Societys 
trips and the annual “Branchville” meetings. 

He was in the field more than is realized. His teaching duties at Union Junior 
College ind his health, which was not alwavs even reasonably good, interfered 
rreat deal. Certain areas were given more attention than others. The pine barren 
country near Lakehust, where he could live with relatives, became well known to 
him. With the help of his students he traversed the Appalachian Trail across New 
Jersey and listed the plants observed. Some spots particularly inte rested him such as 
the White Cedar Swamp in High Point State Park, swamps near Greendell; Quake 
ind Oswego Lake in the pine barrens; the cliffs along the Delaware River above 





M in Hunterdon County. He published his findings at the last plice in) Torrey 
His interests in the field were by no means confined to the flora. All animals 
ere noted. He was one of the original group who formed what is now known as the 


Urner Orithological Society, and became the first editor of its publications. Wher 
the need for an up-to-date list of New Jersey birds became evident, the Urner Club 
nembers assembled their personal records ind David Fables characteristieally volunteered 
to follow through. The Annotated List of New Jersey Birds was published with David 
Fables as author. Beeause of his own interests, pe rhaps because in teaching biology he 
1 to cover many phases of life or perhaps because he sensed the need of a more 
omprehensive gathering of py ople whose interests included manv “ologies” he formed 
tl New Jersey Field Naturalists. For this group he edited a publication called 
“Caesarian Flora and Fauna” and also for this group published his findings on trips 
ong the Appalachian Trail. Recently he had begun to assemble information about 
the native orchids of New Jersev. Some of his friends hoped that he would eventun 


ckle the job of writing a “Flora of New Jersey” 





David Fables found time to aecomplish many things and belonged to many organiz 
ons. To some people he will be remembered for his newspaper articles publishes 
onthl ind calles Afield in New Jersey” or for his contributions to the publications 

tl New Jersey Audubon Society, or for his Breeding Bird Censuses and Christmas 


1] 





Census in the publeations oft the National Audubon Society. The people who went w 


mon any of his types of field trips certainly have the best of this situation beeaus 
vy the man personally. His variety of interests eventually led to his becoming 

sort of clearing house for people to turn to when the vanted to find out vho wus 
loing what ind what the latest news might be 

In the edueational field, his ability to interest his students was ver superion 

Perhaps at this point a part of tribute to him bv one who knew him at Unio 

Junior College might be quoted. The words are by Saul Orkin “He taught Inspiring! 

| his students responded a kind. They learned, as Dave often professed, that 

science was not sterile and mathematical, but warm and poetical. He listened easily 


his sympathetic ear made him the best of counsel. Manv who could go no farthe 


er the wnademie burdens sought his advice Whatever he said, tl effect w 


ing. for thev often continued. improved, and sometimes excell 


i) 
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KMieLp Trip Revorts 


May 21, 1961. Marine Park, Brooklyn, New York. Only 45 species of plants 
vere observed, owing partly, no doubt, to a cold, wet spring, which seemed to have re 


tarded plant growth somewhat. Only three species had not previously been encountere: 


in Kings County by the writer. A clump of Sedum purpureum (Liveforever wis seer 
growing on a sandy wasteland, a gnarled Prunus persica was blossoming by the road 
sick possibly the result of a peach stone thrown from a passing iutomoble), and 

last-vear'’s seed stalk of / bascum thapsis was observed on a sandy knoll, Other 
species seen included Cerastiuy semidecandrum, ¢ riscosum, Stellaria media, Arabi 


dOpsts thaliana, Sisymbi ; altissimum, Potentilla norvegica, Medicago lupul na, La 

im amplericaule, Linaria vulgaris, and Veronica arvensis; these have not previously 
been reported from Kings County. Two othe species ecountered, Geranium pusilla 
und Poa annua, appear in the New York State Museum check list of the Kings Count) 
flora. The remaining 30 species seen on this trip have been listed in previous reports 
Attendance, 6, Leader K. L. Brooks 

June 4-7. Appalachian Trail Conference, Delaware Water Gap, Pa. The tri 
ennial meetings of the Conference were well attended with delegates from elubs all 


ilong the 2000 miles from Georgia to Mt. Katahdin, or vice versa. Maps, guidebooks, 


camping, hiking, and trail literature were displaved. Some excellent photographs 
made along the Trail were on display, An attractive panel showing trail maintenanes 


equipment was a not so subtle reminder of the effort that goes into making the 
Appalachian Trail possible. There were lectures Sunday, the business meeting Monday 
ind hiking every day—bird hiking, botanical hiking, and just plain walking. The 
Torrey Botannical Club, a member through the New York—New Jersey Trail Conference, 
is entitled to two delegates—two votes. Individual memberships are also weleomed 
by both conferences, The 1964 meetings will be around Manchester Vermont Sturt 


planning.—John A. Small, Delegate to N. Y.-N. J. Trail Conference 


June 18. Appalachian Trail, Warren-Sussex Counties, N. J. Our section of the 
Trail received a “poor condition” report in Appalechian Trailway News this spring. 
It was probably deserved. Three or four people, or half a dozen, cannot travel the 
long distance and get a lot of work done in a dav. Repeated pleas have repeated|y 
gone unheeded by those able to pull a saw, swing a weeder, or use heavy pruning tools. 
This year we removed all of the big logs and repainted the blazes but one weeder and 
two pruners were not enough to deal adequately with the grass, brambles, and serub 


oak besides properly trimming the overhang. 


Over a dozen trips in our schedule this year propose to use trails. These trails 


do not maintain themselves. Surely the upkeep of a 4% mile section, 1% miles of 
which is on dirt road, is not too much responsibility for those of us who participate 
in the field program, but who wants to appear as leader in caring for a trail that 


in only be reported as unsatisfactory? Attendance 6. Leader, John A. Small 


June 25-28. Syracuse vicinity, New York. Our annual participation in the foray 
of the Northeastern Section of the Botanieal Society of America was up to par or 
better, as usual. This was the 12th such excursion in the 15 year history of the Section. 
T. B. C. has been well represented each time and reports of most of the forays may 
be found in appropriate volumes of the Bulletin—Torreya section. A special attrac 
tion this year was “Checklist of the Vascular Plants of Onondaga County, New York” 
recently completed by Dr. Mildred E. Faust and published as Bulletin of the Svracuse 
University Museum of Natural Sciences, No. 9. 

Dr. Norman J. Gillette, Chairman of the Section, greeted us Sunday evening and 
introduced the loeal committee, our earetakers for the next three days: Dr. Faust in 


charge of field trips; Dr. Paul Sedgwick to address us and show excellent color photo 
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graphy time lapse movies and = stereoviews Monday evening; Dr, Lillian Sedgwick 
1 constant source of botanical information—habitat or nomenclature; Boyd R. Green 
walt a competent Volkswagon pilot and mess sergeant—graduate student; and Eva 
Van Sanford also a graduate student of much assistance with the chores. Unofficially 
there were wives with immense botanical ability as attested by the refreshments 
provided, 

No attempt will be made to produce a list of plants seen though very adequate 
ind extremely useful lists were in hand as we visited the several areas. Syracuse has 
been known for its salt flats but we found these much changed—botanieally for the 
worse—since the A.A.A.S. summer meeting in Syracuse in the 1930s. It will be too 
bad if the remaining fragment cannot be preserved as a portion of the park system 
around Onondaga lake or as a natural area. The Peter Scott Swamp enabled us to see 
the complete successional series from open water to swamp forest (elm). We explored 
Sand Ridge Bog examining anothe successional series from open water said to be over 
29 feet deep to tree covered areas of arbor vitae, larch, red maple, pine, and spruce 
Spore producing sphagnum was common. The terrain ranged from kettleholes to drumlins 
and on one mesophytie hillside we examined the oak-chestnut-tulip tree forest, finding 
Vagnolia acuminata as a rarity 

Tuesday, in Clark Reservation, we reviewed a great variety of plants, particularly 
ferns, and climaxed by the hart’s-tongue fern. White Laxe with water of remarkablk 
«larity, Chara, and marl, afforded a very satisfactory study of swamp forest In each 
such locality a most interesting mingling of northern and southern species could be 
observed. The bog and swamp species of far northward range were particularly 
interesting, 

Wednesday morning we took a quick view of the beech-maple-hemlock-vellow birch 
forest and then moved to Punkin Hollow, a marly arbor vitae area with a terrific 
di play of showy lady's slipper ind other orchids. This was a hevday for the photo 
yr iphers, who had not been iclle before. Then bon vovaye.,. 

At the business meeting Tuesday evening, Dr. G. Fred Somers invited the Seetion 
to the University of Delaware for the 1962 meetings, in mid June. Officers elected wert 
Dr. Somers, Chairman; Dr. Donald Huttleston, viee-chairman; and Dr. William Niering, 
treasurer. 1961 attendance was 504. Reported by John A. Small 


secretary 


Book REVIEWS 


Introductory Botany. by Arthur Cronquist. 1-873 pp. Harper & Bros., 
New York. 1960. $9.25. 


For those who teach full-vear general botany courses and who prefer the taxonomic 
approach, Dr. Cronquist’s book will be of particular interest. It is handsomely printed 
ind is copiously illustrated with excellent photographs and line drawings. A large pro 
portion of the drawings were taken from other texts, but the author has chosen them with 
care. The book contains a glossary, which the student should find helpful 

After five introductory chapters (78 pages) the author devotes seventeen chapters 
(371 pages) to a consideration of the plant kingdom, from the bacteria through the 
coniferophytes. The next eleven chapters (257 pages) consider the angiosperms, and the 
last four chapters (105 pages) deal with heredity, evolution, and ecology. An elaborate 
30-page key to the “Divisions, Classes, and Orders of Plants” follows these 

The taxonomic approach in college botany texts has been rarely used in the past 
few decades, and it is encouraging to see several such books published recently. In my 
opinion it is more educational than a biochemical or angiosperm approach. Dr. Cron 
quist points out in his Preface that “. .. it permits a natural evolutionary sequence and 

few entering college students have more than a superficial familiarity with thé 
structure, functions, and reproduction of angiosperms.” In addition he notes that a 
knowledge of the life cycles of simpler plants is necessary to an understanding of 
the angiosperm life cycle. The same may be said for structure and funetion, 


In arranging the various groups of plants, Cronquist utilizes a system mainly ot 
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his own devising. This I find very questionable procedure. Perhaps Dr. Cronquist’s 
scheme and its evolutionary implications may someday be recognized as being more 
“eorrect” than other current schemes. But at present it cannot be so evaluated. Many in 
structors may not wish to have their students learn a new relatively untested classi 
fication, preferring instead a text with a more traditional approach, Throughout the 
chapters on the plant groups, Cronquist argues his case for his scheme, This seems to m¢ 
out-of-place in a general text, as it often necessitates the introduction and discussion of 
quite technical information, as well as a great deal of speculation. Dr. Cronquist’s pro 
posals and arguments may be of great interest and pertinence to professional taxono 
mists, but I do not believe college freshmen will profit from them. 

Cellular physiology and genetics have relatively short treatments, One chapter (27 
pages covers heredity; physiological processes are mentioned brit fly in seattered 
references throughout the text. These are very serious Omissions in a text intended for 
the first course in botany. 

In summary, Dr. Cronquist and Harpers have produced an attractive, scholarly 
textbook, which may find considerable use in elementary plant morphology courses and 
in general botany courses where the instructor is willing to aecept Cronquist’s taxono 
mic approach, The instructor will need to add some supplementary material, partieularly 


in cellular physiologv.—NORMAN H. RUSSELI 


Flora of the Santa Cruz Mountains of California. A Manua! of the 
Vascular Plants. By John Hunter Thomas. 4384 pp. 250 figs. 10 habitat 
photographs, Stanford University Press, 1961. $8.50 


The Santa Cruz Mountains are a natural area in the outer Coast Ranges of Califor 
nia, including the city of San Francisco and extending southward from it for about 74 
miles. From the approximately 1400 square miles of this area are recorded 1662 species 
of vascular plants, 535 of them introduced; many of the latter are found only in ¢lose 
proximity to cultivation 

Local floras have a special significance in the study of the flora of California, sine¢ 
they present one solution to the problems presented by the large size and complexity 
of the State’s flora, They are not only important as records of the rapidly changing 
natural scene, but are also indispensable as aids in teaching systematic botany, The 
numerous line drawings (from Abrams’ /llustrated Flora of the Pacific States), ex 
cellent keys, and glossary of the present volume should enable the user to identify 
the plants of the area readily, despite the lack of descriptions 

Stanford University Press is very much to be congratulated on the appearance 
of this sturdy and attractive book. Ten photographs illustrate the helpful discussion 
of the ten major plant communities of the area, and one of them (taken by W. R. Dudley 
near the turn of the century) is reproduced as a frontispiece and on the dust jacket 
In addition, the author has provided a concise description of the area accompanied by a 
clearly drawn map and convenient index of place names, with a section on the geology 
by E. E. Brabb 

This hook is almost entirely free from typographical errors, Its conservative nomen 
clature is, in general, that of the standard State and regional floras. For most species, 


only the habitat and local range are given, but for a few there are additional pertinent 


comments. In at least the cases of Plantago erecta (p. 322) and Stephanomeria virgata 
(p. 341), the remarks made tend to dismiss on insufficient evidence two groups which 


are badly in need of biosystematie study. An alert student investigating the plants of 
the area with the aid of this book would soon discover many other groups as richly 
deserving of detailed investigation, 

The Coast Ranges of central California are a meeting place for northern and 
southern plants, with those from the north generally exending down the outer, moister 
ranges, and those from the south ranging northward in the relatively drv inner ranges 
About twice as many species (164) reach their southern limits in the Santa Cruz 


Mountains as in Marin County (89), just across the Golden Gate to the north, which 
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igauin serves to emphasize the relatively small historical importance of San Franeiseo 
Bay as a barrier to plant migration. 

In summary, this handsome volume is a substantial contribution to our understand 
ing of the flora of California. As such, it will prove useful not only to local students 
but to all interested in the complex floristics of western North America Peter H. 
RAVEN, Rancho Santa Ana Botanic Garden, Claremont, Calit 


Checklist of the Vascular Plants of Onondaga County, New York. 
By Mildred E. Faust. (6 85) pp. Bulletin of the Syracuse University 
Museum of Natural Science No. 9. Svracuse 10, N. Y. 1961 


Aside from the challenge of making additions, a checklist, if it be reliable, is a 
very useful tool to the resident botanist of any locality. It is even more useful to the 
serious botanical visitor. The present checklist must set a standard for reliability. The 
wuthor is a careful, consistent, long time student of the county's flora. She has the 
idvantage of being an ecologist. She has studied and incorporated the earlier floral 
publications of the county and adjacent districts. The entries are substantiated by 
vouchers in the herbarium of Svracuse University, together with many in the herbaria 
of the College of Forestry, and the New York State Museum. All entries have been 
checked by another competent botanist, Dr. Stanley J. Smith of the New York State 
Museum. Plants of doubtful naturalization are indicated as are those for which there 
has been no reeord in the past quarter century. The entries total 126 families, 598 
genera, 1622 species, and 1662 subspecies and varieties. There is an index to genera 
but no keys, descriptions, or annotations. Names of the plants in the various taxa are 
those currently condoned by the New York State Museum. The authority is given and 
synonomy seems to be adequate. Common names are from various sources, selected in 


weordance with local usage. There are possible arguments here no doubt. One may 


ilso find oceasion to reflect upon the subspecies and the variety, which are here given 
equal rank. But of course one may always reflect upon the Rules of Internation 


Botanical Nomenclature. 
Congratulations to the University’s duplicating office, to the Museum of Natural 
Science, and to Dr. Faust on a job well done.—JoHN A. SMALL, Douglass College 


Rutgers—The State University of New Jersey. 


The Meaning of Wilderness to Science. Proceedings, Sixth Biennial 
Wilderness Conference. Edited by David Brower. Sierra Club, San Fran 
cisco, Xi+ 128 pp. 92 plates. 1960 

The Sierra Club has long been a leader in aceenting the need for conservation it 
America. Founded in 1892, it has given stress to a program of “study and protection 
of national seenie resources.” Although the Ciub is most closely concerned with con 
servation problems in the western cordillera, the monthly Sierra Club Bulletin and the 
many other publications by the Club have been increasingly effective in) arousing 
federal agencies, private organizations and the general public to an awareness of thi 


importance of conservation. 


One of the more recent books to be published by the Club, “The Meaning of 
Wilderness to Science,” makes a case in point. This book covers the Proceedings of the 


Sixth Biennial Wilderness Conference which was sponsored by the Sierra Club and 
reeeived the cooperation of several other organizations. The Conference, held in San 
Francisco on 20, 21 Mareh 1959, had as its principal speakers, Daniel B. Beard, 
Stanley A. Cain, Luna B. Leopold, Robert Rausch, lan MeTaggart Cowan, Raymond 
B. Cowles, and Frank Fraser Darling. The book carries their addresses, a foreword 
by the Club’s Exeeutive Director, David Brower, the opening welcome of President 
Harold CC. Bradley, and a reprinting of a pertinent lecture by G. M. Trevelyan, en 
titled “The Call and Claims of Natural Beauty .”’ delivered in London in 1931. Forty 
eight pages of the book are given over to photographs, many of exceptional beauty, 
of Alaskan wilderness scenes 
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For botanists and others interested in natural sciences, the names of most of the 
speakers participating in the Sixth Conference will have a familiar ring. All are 
thoroughly experienced ecologists, and their experience clearly points toward the 
need for preserving wilderness which can be used for observing natural biological 
phenomena, The kind of ecological knowledge derived through such observation = is 
essential to caring for wilderness tracts now and in the years to come 

The opening address by Daniel B. Beard, “Plants and Animals in Natural 
Communities,” emphasizes that the preservation of natural communities depends on 
man's ability to understand their complex ecological relationships. Fire, for example, 
can have disastrous effeets but ean also be beneficial in some communities, once this 
quality is perceived, by causing seed germination and favoring the development of 
tree seedlings. A distinctive wild land or wilderness literature is considered a requisite 
in order to convey the ImMportanes ot preservation to modern society. Stanley A. Cain, 


rreater under 


r 
— 


in his “EKEeologien! Islands as Natural Communities,” believes that 
standing on the part of the public of plants and animals as they are interrelated at 
the community level will enhance a fuller sense of appreciation in the minds of the 
individuals who come to enjoy the wilderness. Such understanding is fundamental 
to deepening man’s conservation sense. Luna B, Leopold's “Ecological Systems and the 
Water Resource” brings out the oftentimes overlooked fact that environments are 
not static, and that reference points are needed in order to distinguish and evaluate 
natural changes. He cites the United States Geological Survey's interest in establishing 
so-called “bench mark” gauging stations which would measure streamflow from areas 
protected, as much as possible, from man’s interference. 

In “The Outlook for Conservation in Alaska,” Robert Rausch is deeply concerned 
with the urgency for legislative measures to protect biota in our new State. He gives 
five points in need of attention by conservationists: (1) additional support for wildlife 


ranges and refuges, (2 protection of National Monuments, such as Katmai and 
Glacier Bay, against special interest groups by changing them to National Parks, 

establishment of State parks, (4 protection of certain animals, such as polar 
bear and walrus, against more and more hunting, and (5) development of a program 
of conservation education in schools. lan MeTaggart Cowan's “Science and the Wilder 
ness” was illustrated with slides, and it is unfortunate that these could not have been 
masicle part of the book. Cowan indicates that there is relatively little first-rate research 
on wilderness animal life, particularly large mammals, and believes that too many 
wildlife studies are superficial and overly concerned with managerial problems, The 
vdidress by Raymond B. Cowles, “Population Pressure and Natural Resources,” fore 
sees the effect of growing numbers of people upon the National Parks whereby in 
creasing impingement will eventually eliminate these natural areas entirely. He believes 


that in long-range planning, the need to take cognizance of this matter cannot bx 


over-emphasized. Finally, Frank Fraser Darling’s “Wilderness, Science, and Humat 
Ecology” reiterates the need for a natural unaltered datum from which comparisons 
of “changed conditions caused by human interference” can be made. Darling shares 


the viewpoint stressed by other conference participants. 

This book carries a grave message for everyone, not scientists alone, who is deeply 
concerned with the preservation of the wilderness. It should be heeded by every American 
hut is of the utmost importance to administrators, planners, and publie officials who 
ire now doing the spadework for our civilization for the vears to come. The service 
the Sierra Club is rendering through its leadership in conservation ean never be 
fully appreciated in our time. But future generations will someday refleet with deep 
ippreciation upon the work that the Club and conservationists are doing. C. J. HeussSER, 
Amerienan Geographical Society, New York 32. N. Y. 


Late-Pleistocene Environments of North Pacific North America. 
An Elaboration of Late-Glacial and Postglacial Climatic, Physiographie and 
Biotic Changes. Special Publication No. 35. By Calvin J. Heusser. 308 pp 
Ilus. Paper, American Geographical Society, New York, 1960, $4; cloth, $6 
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This is an extremely well documented and comprehensive description of events 
that shaped the environments and influeneed the distribution of plants along the North 
Pacific Coast during the past 14,000 years. The reconstruction of environments from Late 
Glacial time to present is based on 78 pollen chronologies correlated over 21 degrees ot 
latitude from Fort Bragg, California to Kodiak Island, Alaska. The vegetation changes 
reflected in the pollen sequences are thoroughly integrated with evidenee from regional 
geological, climatological, and biological studies. Much of the relevant information 
from these fields is so recent that it is cited as personal communications, Aecording 
to the author the study is best categorized as an investigation in historical plant 
geography; however, his discussions and conclusions merit the detailed attention of 
ecologists, meteorologists, geologists, anthropologists, ind botanists in general as well 
is phytogeographers and palynologists. 

The text is divided into ten chapters. The first six chapters are concerned with 
detailed discussion of the regional physiographical, climatological, and vegetational 
background, a review of the field of palynology, and a description of the author's 
methodology. Chapter 5, in which palynology is described and reviewed, will be of 
particular interest to botany and geology professors who have included or wish to 
include palynology in the content of their courses. Chapter 7 contains the author's 
analytieal data: the deseription and illustration of the peat and pollen’ stratigraphy 
of 78 bog bores, Sixty-seven of the sections are new to the literature. The 11 sections 
previously reported on by Dr. Heusser are re-interpreted and integrated with his 
more recent data, Chapters 8 through 10 sum up the author’s interpretation of his 
pollen profiles in terms of the environments deduced from the vegetation changes and 
the relationship of the vegetation changes to climatic and physiographic events. The 
ecological amplitude and survival relationship of various elements in the late-Pleistocens 
vegetation are «discussed in terms of their probable migration from glacial refugia 
Finally, the bearing of the interpretations on questions concerning man’s migrations 
during the late-Pleistocene is examined. Two appendices are ineluded after the text 
Appendix A notes the loeation and briefly describes the physical and floristic features 
of the bogs sampled. Appendix B deseribes the physiography and geography of the 
North Pacifie Coast province by province. It is recommended that Appendix B= be 
read after the Foreword, written by Dr. H. P. Hansen, and before the author's 
abstract. Abbreviations of measurement and identification terms used are listed facing 
the author's abstract and a glossary of the teelnical terms follows the appendices. 

Among the numerous conclusions arrived at by Dr. Heusser, two are of fundamental 
importance to an understanding of late-Pleistocene pollen stratigraphy and phytogeo 


graphy: 


l The apparently world-wide contemporaneity, though not necessarily syn 
chroneity, of Late Glacial and Postglacial floristic changes. Particularly well docu 
mented in Dr, Heusser’s data is a definitive floristic expression of a period (the 
Hypsithermal beginning about 8000 vears ago and ending about 3000) years ago 


during which the mean average annual temperature in temperate zones was higher 
than it is at present. With inerease in latitude the Hypsithermal begins later and ends 
sooner but it can be seen in vegetation chronologies from areas as widely distant as 
Japan, New Zealand, Fuego Patagonia, The British Isles, Nova Scotia, Seandinavia, 
Northern Europe, ete. 

(2 Accumulated evidence from glacial geology and physiography together witl 
the new palynological data lend increasing support to the Hulténian postulate ot 
ice-free refugia in south-central Alaska and the archipelagoes of southeastern Alaska 
With waning of the cordilleran glaciers, migrants from these refugia quickly established 


themselves on the deglaciated terrain. 


As in any work of this magnitude there are points with which one can take issu 


ind pleayunish defeets like the oft’ repeated broken “W”" tyy Some of the author's 
definitions are too concise as, for example, that for “Eustasy”. However, the reader is 
forewarned by the author that the definitions given are not inelusive. The index is 


not as comprehensive as one might wish for in a reference book For example, thers 


ippears to be no way of finding the text references to Naptowne and Skilak glaciation, 
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Middleton Island, ete. Also, no mention is made that pollen chronologies from the 
Quebee-Labrador region, a study cited in the text, failed to show evidence of the 
Hypsithermal interval or a final revertanece period. In light of the substantial evidenes 
presented by Dr. Heusser’s chronologies and confirmatory chronologies from widely 
separated areas, some explanation for the apparent lack of evidence of the Hypsithermal 
and ¢limatie deterioration in the Quebee-Labrador region seems to be required. 

Dr. Heusser’s authoritative and comprehensive study will undoubtedly become a 
standard reference work for the late-Pleistoeene of the Pacifie Northwest. It should 
become a model of excellence for similar studies in other parts of the world. For biogeog 
raphers, palynologists, physiographers and glaciologists it is an essential addition to 
their personal library.—R. L. Pierce, Socony Mobil Field Research Laboratory, Dallas 


Texas 


Oligocene Plants from the Upper Ruby River Basin, Southwestern 
Montana. By Herman F. Becker. Geological Society of America, Memoir 
82, 127 pages. 1961 

4 late Oligocene flora of 85 identified species from the Ruby River Basin in south 
vestern Montana is prosaically deseribed in this memoir. The method of study follows 
the pattern of recent reports by various students of western North American Tertiary 
paleobotany. Accordingly, fossil entities are equated with their closest living counter 
part. On this basis the Ruby River Basin flora is said to incorporate a wide array of 
communities ranging from lake and marsh species to typieal desert serub plants. 
Grouping of the fossil species reveals an almost equal representation im the flora of 
Arcto-Tertiary elements and Madro-Tertiary components. Climatie conditions suggested 
by the fossil flora favor a warmer environment with less of the extremes of today 
Comparison with the Colorado Florissant flora shows a 40% specific identity whereas 
the similarity is only 13% with the Oregon Bridge Creek flora, Becker coneludes that 
these data indicate an intermediate position in time and ecology for the Ruby River 
Basin flor: 

The faults of this memoir are the same but of lesser magnitude than are those 
found in the author's Mormon Creek flora published in volume 107 of Palaeontographiea. 
Vagueness in expression is disconcerting at times. Perhaps in an attempt to achieve 
brevity the author sacrificed continuity of thought and elarity. Identification mistakes 
constitute the other area for comment. Becker's new species reflect a preoccupation 
with his own material and a lack of attention to pertinent published data. One extremely 
rksome and meaningless practice 1s his use of the designation holotype for unknown 
plants and animals (e¢.g., Pl. 7, figs. 12, 13; Pl. 12, fig. 9; Pls. 31, 32). It is unacceptable 
procedure to use the term holotype if the organisms are neither described nor named. 
Any eventual valid holotype will not be based on these specimens unless at that time 
these are found to be the best represntative of the new form, However, even then the 
credit will be given to the new author. 

The assignment of names to fossil leaves is sometimes difficult and often precarious, 


However, in certain cases T cannot refrain from indicating disagreement. The following 


ire examples: Smilar (Pl. 11, figs. 9-11) should be re-examined to determine if it 
might not be Clematis. Leaves assigned to Myrica (Pl. 12, fig. 1) show a marked 


difference from those illustrated for comparison in that figure 5 has lateral secondaries 
terminating in a tooth. In figure 1 these lateral veins end in a sinus. This difference 
and the asymmetrical base suggest Sapindaceae. The venation of the leaves (Pl. 16, figs. 
13-15 certainly does not suggest assignment to live oaks, It is difficult to consider 
the extremely fine marginal serration of the specimens illustrated in Plate 17 as being 
a typical feature of these oaks. Figure 5 of Plate 17, for example, suggests Alnus. 
I cannot accept the designation of Cercidiphylum as C. elongatum when all the illustrated 
material indicates C. arcticum. Care has not been exercised naming a new species of 


Cercocarpus Pl. 22, figs. 2-6 ind of Populus (Pl. 13). These forms will be found 
to belong to species established by Axelrod. Finally, it will be necessary for Becker 





370 BULLETIN OF THE TORREY BOTANICAL CLUB VoL. 388 


to explain Plate 13, fig. 1 in this memoir and Plate 26, fig. 9 in Palaeontographic 
volume 107, where he lescribed the Mormon Creek flora. There is no doubt that thes« 
photos are of the SAMI specimen vet thev earry different widely separated numbers in 
the University of Michigan collections and are indicated to have come from different 
localities. 

The landseape photos are excellent. It seems excessive, however, to devote Plates 
1-6 to irrelevant scenery and two plates to insects and _ fish. 

The memoir is a contribution to our knowledge of the expanding framework ot 


lertiary floristies in western North America. The interior location of the flora aids 


establishing it as a necessary addition to the literature whereby comparative data are 
made available. However, the usefulness of this study would be enhanced if it afforde 


greater confidence in its contribution on floral composition.—WaAYNE L. Fry, Department 


of Paleontology, University of California, Berkeley 4. California 


INDEX TO AMERICAN BOTANICAL LITERATURE 
COMPILED BY 
CLARK T, ROGERSON 
WITH THE COLLABORATION 01 


LAZELLA SCHWARTEN, Il. W. Ricketr, AND HERMAN BECKER 


TAXONOMY, PHYLOGENY, AND FLORISTICS 
ALGAE 
Asmund, Berit & Hilliard, Douglas K. Studies on Chrysophyceac trom som 


ponds and lakes in Alaska. I. Mallomonas species examined with the ele 


tron microscope. Hydrobiologia 17: 237-258. 25 Mai 1961. 

Blomquist, Hugo L. & Almodovar, Luis R. The occurrence of Gelidiclla ten: 
sima Feldm. et Hamel in Puerto Rico. Nova Hedwigia 3: 67, 68. pl. 3¢ 
10 Mar 1961 

Dawson, E. Yale. A primery report on the benthie marine flora of southern 
California, Jn Oceanographic survey of the continental shelf area of 
southern California. Calif. St. Water Pollution Control Board Pubi. 20: 
169-264. 1959 

Dawson, E. Yale. Benthic marine vegetation. J» A preliminary report on the 
biology of the continental shelf of southern California. pp. 1-36. Cali 
fornia Water Pollution Control Board. Sacramento. 1957. 

Etcheverry D., Hector. Alygis marinas de las islas oceanieas chilenas (Juan 
Fernandez, San Felix, San Ambrosio, Paseua Revista Biol. Mar. Chile 
10: 83-132. pl. 1-6. Sep 1960 

Fan, Kung-Chu. Studies on Hypneocolax, with a discussion on the origin of 
parasitic red algae. Nova Hedwigia 3: 119-128. pl. 54-56. 10 Mar 1961 

Scott, Arthur M. & Prescott, Gerald W. Indonesian desmids. Hydrobiologia 
17: 1-132. pl. 1-63. 25 Apr 1961, 

Woodson, Bernard & Prescott, G. W. Algue of the James River Basin, 
Virginia. I. Zygnematacenae and Oedogoniacene Trans. Am. Mier. Soc 
80: 166-175. Apr 1961 





161 


INDEX TO AMERICAN BOTANICAL LITERATURI 


DRYOPHY TES 

Arnell, Sigfrid. Some new American species of hepaties. Sv. Bot. Tidskr. 55: 
205-210. 2 Jun 1961. 

Chopra, Narinder & Sharp, A. J. The occurrence of Bryum coronatum in 
Michigan. Brvologist 64: 64, 65. Jul 1961. 

Clark, Lois & Palm, Carol. Frullania magellanica. Bryologist 64: 76-80 
Jul 1961. 

Griffin, Dana G. Reappearance of Riella americana in Texas, trvologist 64: 


57. 58. Jul 1961. 
Grolle, Riclef. On Acromastigum in South America, with comments on the 
Patagonian Bazzaniae. Brvologist 64: 16-29. Jul 1961. 


Hatcher, Raymond E. A monograph of the genus Jsofachis | Part 11 Nova 
Hedwigia 3: 1-35. pl. 1-3 1) Mar 1961, 

Ireland, Robert R. Adiitions to the moss flora of Shenandoah National Park 
Virginia Brvyologist 64: 66-70. Jul 1961. 

Kellough, Richard Dean. Notes on Ohio bryophytes. Hrvologist 64: 70, 71 
Jul 1961 

Koch, Leo F. Louisiana hepaticology 1. A list of species Brvologist 64: 
54-57. Jul 1961. 

Kuwahara, Yukinobu. The genus Velzgeria in Paeifie Oceani Jo Hattori 
Bot. Lab. 23: 3-28. Dee 1960, 

McGregor, Ronald L. Vegetative propagation of Ricecia rhenana Brvologist 
64: 75, 76. Jul 1961. 

McGregor, Ronald L. & Menhusen, Bernadette. Riccia albida, val species 
Brvologist 64: 71-74. Jul 1961 

Proctor, Vernon W. Dispersal of Riclla spores by waterfowl. Bryologist 64: 
98-Ol. Jul 1961, 

Reese, William D. A contribution to the bryoiogy of the southern United 
States. Bryologist 64: 50-54. Jul 1961. 

Schuster, Rudolf M. Notes on nearctie Hepatieae, XTX. The relationships of 
Blepharostoma, Temnoma and Lepicolea, with deseription of Lophocaet 
nd Chandonanthus subg. Tetralophozia, subg. n. Jour. Hattori Bot. Lab 
23: 192-210. Dee 1960, 

Schuster, Rudolf M. Studies on Hepatieae. Il. The new family Chaeto 
phy llopsidacene Jour. Hattori Bot. Lab. 23: 68-76. Dee 1960 

Taylor, Edward C. An extension of range of Barbula agraria. Brvyologist 64: 
65. 66. Jul 1961 

Weber, William A. Studies of Colorade bryophytes. Univ. Colo, Stud Biol 
7: 27-52. Mai 1961. 

Welch, Winona H. A monograph of the Fontinalacea Martinus Nijhoff, 
The Hague, Netherlands. 357 p. 1960 

Welch, Winona H. The Fontinalacea \ brief summary Brvologist 64: 
61-64. Jul 1961 

Williams, Harry. Pottia davalliana in Ontario and elsewhere in North America 
Brvologist 64: 47-50. Jul 1961 


Func 
Alexopoulos, Constantine J. Gross morphology of the plasmodium and _ its 
possible significance in the relationships among the Myxomyecetes, Mvyeo 
logia 52: 1-20. 1960 {2 Jun 1961 








BULLETIN OF THE TORREY BOTANICAL CLUB VoL. 88 


Benjamin, R. K. Addenda to “The merosporangiferous Mucorales Aliso 5: 
11-19. 15 Mai 1961, 

Brodo, Irwin Murray. A study of lichen ecology in central Long Island, 
New York. Am. Midl. Nat. 65: 290-310. Apr 1961 

Bryan, W. C. & Zak, B. Synthetie culture of mycorrhizae of southern pines 
Forest Sei. 7: 123-129. Jun 1961 

Chupp, Charles. A note on Urocystis cepulae Mycologia 52: 343-345. 1960 
5 Jul 1961 

Cooke, Wm. Bridge. Calyptella capensis from South Africa Mycologia 52: 
541-343. 1960 > Jul 1961 

Cooke, William Bridge. Fungi from Raroia in the Tuamotu Archipela 
Pacif. Sei. 15: 186-188. Apr 1961. 

Cooke, Wm. Bridge, Phaff, H. J., Miller, M. W., Shifrine, M. & Knapp, Elisa 
P. Yeasts in polluted water and sewage Mveologia 52: 210-250. 1960 

Jul 1961 

Davidson, Ross W., Lentz, Paul L. & McKay, Hazel, H. The fungus | S/ 
taxod sp. nov causing pecky cypress, Mveolog 52: 260-279. 196 
> Jul 1961 

Dick, Esther A. Notes on boletes. NII. Mycologia 52: 130-136. 1960 [2 Jw 
1961 


Fidalgo, Oswaldo, Fidalgo Maria Eneyda P. K. & Furtado, Joao Salvador. 


A large collection of a rare fungus | Fistulina brasiliensis M 
52: 15 154. 1960 |2 Jun 1961 

Gilbert, Frank A. The submerge culture of Morchella Mvcolog 52: 
209, 1960 [5 Jul 1961 


Goldstein, Solomon. Studies of two polycentric chytrids in pure culturs \) 
Jour. Bot. 48: 294-298. 7 Apr 196] 

Gordon, C. C. & Shaw, Charles Gardner. A new genus | Diporot/ t rhizo 
phila| of the Meliolaceae on the oot if Solan Sper M 
52: 327-333. 1960 [5 Jul 1961 


Graham, 8S. O. The morphology and chemi 1" sis of the t spore of 


varf bunt fungus, Tilletia contra sa. Mvyeologin 52: 97-118. 19¢ 
2 Jun 1961 
Guba, Emil F. Monograph of Monochactia and Pestalotia i 
versity Press, Cambridge, Massachusetts. 342 ». 10 Jun 1961. 
Haskins, R. H. Freeze-drying of macrofungi for splay M veolog 52 


161-164. 1960 [2 Jun 1961 

Herrera, Teofilo. Cyathus vy Phall en el \ e México \n Inst 
México 31: 45-51. 1960 | 17 Apr 1961 

Karling, John 8S. Synchy! lera sp. no Miacoigia 52: 21-29, 196 

~ Jun 1961 

Kohlmeyer, Jan von. Pilze von der noérdlichen Pazifie-Kiiste der USA Nov 
Hedwigia 3: 85-91. pl. 43, 44. 10 Mar 1961 

Kotheimer, J. B. & Christensen, C. M. Microflorn of bark ernels \ 
lerstein Lab. Com, 24: 21-28, Apr 1961 


Kramer, C. L. Morphological development and nuclear behavior the ger 


Taphrina. Mveologia 52: 295-320. 1960 |5 Jul 1961 

Kramer, C. L. & Pady, 8S. M. Inhibition of growth of fungi on rose beng 
media by light. Trans. Kan. Aead. 64: 110-116. 26 Jun 1961. 

Kuehn, Harold H. & Goos, Roger D. Observations on Gymnoaseacene. VII. A 
new species of Pseudoarachniotus eticulatus from Honduras soil 
Mveologia 52: 40-46. 1960 |2 Jun 1961 


1961} INDEX TO AMERICAN BOTANICAL LITERATURI 


Lazo, Waldo R. Growth of green algae with myxomycete plasmodia, Am. 
Midl. Nat. 65: 381-383. Apr 1961. 

Liberta, Anthony E. & Boewe, G. H. A new species of Cercospora | saccharini 
on Acer saccharinum. Mvyeclogia 52: 345-347, 1960 [5 Jul 1961 

Lichtwardt, Robert W. An Enterobryus |ovridi sp. nov. ( Keerinales in 
common greenhouse milliped. Mycologia 52: 248-254. 1960 [5 Jul 1961 

Lombard, Frances F., Davidson, Ross W. & Lowe, J. L. Cultural characteris 
tics of Fomes ulmarius and Poria ambiqua Mycologia 52: 280-294 
1960 15 Jul 1961 

Lowe, Josiah L. & Gilbertson, Robert L. Synopsis of the Polypor 
the southeastern United States Jour. Elisha Mitchell Soc. 77: 43-61. 
Mai 1961 

Luttrell, E. S. The morphology of an undescribed species of Dothiora 


cene of 


schizospora Mycologia 52: 64-79. [2 Jun 1961 

McClung, Norvel M. Isolation of Nocardia asteroides from soils M veologia 
52: 154-156. 1960 |2 Jun 1961 

McVey, Donald V. & Gerdemann, J. W. The morphology of Leptodiscus te 
stris, and the funetio ot ctae in spore dispersal Mveologia 52: 
193-200, 1960 [5 Jul 1961 

Martin, G. W. The svstemutie position of the Myxomycetes. Mycologia 52: 
119-129. 1960 > Jun 1961 


Meredith, D. S. Botryodiplodia theobromac Pat. and Nigrospora sp. in the 
r of a Jamaican banana plantation. Nature 190: 555-557. 6 Mai 1961. 
Nannenga-Bremekamp, N. E. Notes o Mvxomveetes IIIT. A’ new species 

rom Suriname | Physa nnega Acta Bot. Neerl. 10: 54, 55. Apr 


196] 

Olive, Lindsay 8S. Keiinost: Mycologia 52: 159-161. 1960 
2 Jun 1961 

Peterson, John E. The growth ot fungus it ¢ Mvycolog 52: 156-158 
1960 [2 Jun 1961]. 

Plakidas, A. G. Angular k spot of Magnolia |Isariop sp. nov 
Mvycologin 52: 255-259. 1960 [5 Jul 196] 


Robbins, William J. & Hervey, Annette. Light and the development of Poria 
ambigua. Mycologia 52: 231-247. 1960 [5 Jul 1961 

Savile, D. B. O. Some fungi from Spence Bay, Boothia Isthmus Cn 
Field-Nat. 75: 69-71. 9 Jun 1961 


Singer, Rolf. /’/ s lilac ‘ Mveologia 52: 337 tS. LOG Jul 1961] 


Sloan, Bernard J., Routien, John B. & Miller, Virginia P. [neressed sporula 
tion in fungi. Mvycologin 52: 47-63. 1960 [2 Jun 1961 

Sprague, Roderick. Some fungi on western Juneacen Res. Stud. Wash. St 
Univ. 29: 77-83. Jun 1961 

Teixeira, Alcides Ribeiro. ( hiracteristics of the generative hyphae of poly 
pores of North America, with special reference to the presence or ab 
sence of clamp-connections. Mveologia 52: 30-39. 1960 » Jun 1961 


Teunisson, Dorothea J., Hall, Harlow H. & Wickerham, Lynferd J. /Han 
senula angusta, an excellent species for demonstration of the coexistence: 
ot haploid ind diploid cells in a homothallie veast Mveologia 52: 184 


ISS. 1960 [5 Jul 1961 


Thompson, G. E. Rust Pileolaria cotini-cogayariac of the smoke-tree. 


Mycologia 52: 321-327. 1960 [5 Jul 1961 








BULLETIN OF THE TORREY BOTANICAL CLUB [Vor 


Whitehead, Marvin D. & ThirumaJachar, M. J. An undescribed smut disease 


of soybeans Melanopsichium missouriense sp. nov.|. Mycologia 52: 
189-192. 1960 [5 Jul 1961 

Wickerham, Lynferd J. Hansenula holstii, a new veast important in the 
early evolution of the heterothallie species of its genus Mycologia 52: 
171-183. 1960 [5 Jul 1961 


Pre RIDOPHY TES 

Bloom, William W. lHleat resistance of sporocarps of Marsilea quadrifol 
Am. Fern Jour. 51: 95-97. Jun 1961. 

Boivin, Bernard. /soetes echinospora Durieu in North Ameri Am. | 
Jour, 51: 83-85. Jun 1961. 

Brownlie, G. Studies on Pacifie ferns, part IV. The pteridophyte flor 
Piteairn Island. Pacif. Sei. 15: 297-300, Apr 1961. 

Correll, Donovan S. A fern new to the United States. Wrightia 2: 108-11 
30 Mai 1960 

Correll, Donovan S. /’silotum in Texas. Wrightia 2: 163-165. 1 Mai 1961 

Godfrey, R. K., Reinert, Grady W. & Houk, Richard D. Observations o1 
microsporocarpic material of <Azolla caroliniana An Fern Jour. 51 


89-92. Jun 1961. 


Hartman, Emily L. Adaxial sori in Polypodium hesperium Am. Fern Jour 
51: 92-95. Jun 1961. 
Iwatsuki, Kunio. A Hawaiian thelypteroid fern with peltate indusia Am 


Fern Jour. 51: 86-88, Jun 1961. 

McDowell, Gladstone W. & Snyder, Franklin D. A parcel of ferns from 
Stephens County, Georgia. Am. Fern Jour, 51: 67-69. Jun 1961. 
Morton, C. V. Another genus of ferns new to the United States Am. Fern 

Jour. 51: 81-83. Jun 1961, 
Morton, C. V. Some forms of Polypodium californicu Am. Fern Jou 
51: 73-75. Jun 1961. 


Reed, Clyde F. Pv /fapferis in Costa Riea Am. Fern Jour. 51: 97, 98. Jw 


1961 
Smith, Dale M., Bryant, Truman R. & Tate, Donald E. Another -Asplen 
hybrid from Kentucky Am. Fern Jour. 51: 70-73. Jun 1961. 


Wagner, W. H. On the relative development of the fertile segments in 
Botrychiunm dissect ind B. oneidense Am. Fern Jour, 51: 75-81. Jun 
196] 


Wilce, Joan H. Lycopodium complanatum L. and four new allied species Nov 


Hedwigia 3: 93-117 pl. 4 » 10 Mar 1961 
SPEERMATOPELY Th 
Arnold, R. E. The Promenaeas Am. Orchid Soc. B 30: 364-367. Ma 
1961 


Baker, William H. Notes on the flora of Idaho—IlI Leafl, West. Bot 
9: 135-138. 24 Mai 1961, 

Baldwin, W. K. W. Malaris paludosa (L.) Sw. in the Hudson Bay lowlands 
Canad. Field-Nat. 75: 74-77. 9 Jun 1961. 

Ball, Carleton R. Sali. In: Flora of Texas 3: 369-392, 1961 

Bravo H., Helia. Una especie nueva del género Echinocereus: Echinoce 
matudae sp. nov. Anal. Inst. Biol. México 31: 119-121. 1960 [17 Am 
1961 


SS 


INDEX TO AMERICAN BOTANICAL LITERATURI 


Breitung, August J. Cultivated and native Agaves in the southwestern United 
States. Part 14. Caet. Suce. Jour. 33: 88-90. Mai 1961. 

Burk, C. John. A_ botanical reconnaissance of Portsmouth Island, North 
Carolina Jour. Elisha Mitchell Soe. 77: 72-74. Mai 1961. 

Cardenas, M. New Bolivian cacti. Caet. Suee. Jour, 33: 74-79. Mai 1961. 

Celarier, R. P., de Wet, J. M. J. & Richardson, W. L. Species relationships 
in Dichanthium. 1. Hybrids between D. caricosum, D. aristatum and D 
annilatum., Phyton Buenos Aires 16: 63-67. Mar 1961, 

Cody, W. J. New plant records from the upper Mackenzie River valley, 
Mackenzie District, Northwest Territories. Canad. Field-Nat. 75: 55-69 
9 Jun 1961 

Correll, Donovan S. A new cottonwood from Texas Wrightia 2: 45-47 
30 Mai 1960, 

Correll, Donovan S. Four new Solanums in section Tuberarium. Wrightia 
2: 133-141. 1 Mai 1961. 

Correll, Donovan S. Populus. In Flora ot Texas 3: 393-407, 1961. 

Crampton, Beecher. The endemic g 
Leafl, West. Bot. 9: 154-158. 24 Mai 1961 

Cuatrecasas, José. Studies on Andean Compositae VV. Proc. Biol. Soe. Wash 
74: 7-27. 19 Mai 1961 

Degener, Otto & Degener, Isa. A new Podonaca from Molokai, Hawaii 
Phytologia 7: 465. 5 Jul 1961 

Degener, Otto & Degener, Isa. Gouwidia in Hawaii. Phytologia 7: 465-467 
5 Jul 1961 


Fisher, T. Richard. \ new species of Heliops S pule hra fro Mexico 


russes of the California Floral Provines 


Ohio. Jour. Sei. 61: 178, 179. Mai {7 Jun] 1961 

Gould, Frank W. Graminenas de Turrialba vy Volean Turrialba, Costa Riea. 
Clave para la identifieacion de géneros v especies. Ceiba 9: 59-68, Mant 
1961 


Hardham, Clare B. Keological note on the oceurrence of Bacria leptalea 
Leatl West. Bot. 9: 150, 151. 24 Mai 1961 

Horich, Clarence Kl. The quest for Cattleya dowiana Am. Orehid Soc. Bull 
30: 374-378. Mai 1961. 
Howell, John Thomas. A new Eriogonum | butterworthianum| from the Santa 
Lucia Range, California. Leafl., West. Bot. 9: 153, 154. 24 Mai 1961 
Hultén, Eric. Two Pedicularis species from NW. America, P. albertae n. sp 
ind P. sudetica sens. lat Sy. Bot. Tidskr. 55: 193 
2 Jun 1961, 

Johnston, Ivan M. Notes on some Texan borages. Wrightia 2: 158-162. 
1 Mai 1961. 

Kuijt, Job. Observations on the life evele in Arceuthobinm campylopodiu 
Leafl. West. Bot. 9: 133, 134. 2 Mai 1961. 

Kupchan, S. Morris, Zimmerman, James H. & Afonso, Adriano. The alka 
loids and taxonomy of Veratrum and related genera, Llovdia 24: 1-26 
28 Apr 1961. 

Lems, Kornelius. Floristie botany of the Canary Islands. Sarracenia 5: 1-94 
Nov 1960 

Leonard, Emory C. Acanthaceae Americanae nova vel eritieae. Wrighti: 
2: 75-82. 30 Mai 1960. IT. Seven new species from Colombia and some 


vdiditional notes. 142-157. 1 Mai 1961. 
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Leonard, Emory C. A new Stenandrinui from the State of Durang Mexico. 
Wrightia 2: 83-85. 30 Mai 1960. 
Love, Askell. Hylandra a new genus of Cruciferae. SV. soft ‘idskr. 55: 


211-217. 2 Jun 1961. 

Lundell, Cyrus Longworth. Additional Myrtaceae from Mexico Wrightia 
2: 166, 167. 1 Mai 1961. 

Lundell, Cyrus Longworth. Plantae Mayanae—I. Notes on collections from 


the lowlands of Guatemala. Wrightia 2: 49-63. 30 Mai 1960. II 
Collections from Peten and Beliee. 111-126. 1 Mai 1961 
Lundell, Cyrus Longworth. Salicacene. Flora of Texas 3: 369-433. p 
67. 1961. 


Lundell, Cyrus Longworth. Some noteworthy trees and shrubs from Mexico. 
Wrightia 2: 103-107. 30 Mai 1960, 

Lundell, Cyrus Lengworth. Studies of Physostegia—Ul. Further notes on the 
Texas species. Wrightian 2: 66-74. 30 Mai 1960 

Malik, C. P. Chromosome morphology of some species of Arisacina  Phyton 
Buenos Aires 16: 69-76. Mar 1961. 

Martinez, Maximino. Una especie de Peltogyn P. mewricana, sp. nov el 
México Anal. Inst. Biol. México 31: 123-129, 1960. [17 Apr 1961 
Matuda, Eizi. Las amarilidaceas v lildceas del Valle de México y sus alrecde 

dores. Anal. Inst. Biol. México 31: 53-118. 1960 [17 Apr 1961 
Moldenke, Harold N. Additional notes on the genus Acgiphila. X\ Phyto 


logia 7: 467-506. 5 Jul 1961. 

Orndull, Robert. The Farallon flora Leafl, West. Bot. 9: 139-14 24 M 
1961 

Pfeiffer, Howard Wm. Vascular plants of Mount Uyuea | Honduras ( 


8: 102-142. Jan 1961, 

Plucknett, D. L. & Stone, B. C. The principal weedy Melastomaceae in Hawaii. 
Pacif. Sei. 15: 301-3038. Apr 1961. 

Porter, Duncan M. A note on the reported chromosome numbers for the genus 
Larrea. Contr. Dudley Herb. 5: 169. 31 Mai 1961 


Raven, Peter H. Notes on Gramineae from the Sierr Neva Californi: 
Leatl, West Bot. 9: 161-164. 24 Mai 1961 
Rubtzoff, Peter. On Mushlenbergia mexicana forma ambiqua ( fornia 


Leatl, West. Bot. 9: 159, 160. 24 Mai 1961 

St. John, Harold. Revision of the genus Pandanus Stickman, Part 2. Pandan 
in western Australia and notes on the section Foullioya Pacif. Sei. 15: 
IS0-185. Apr 1961. 

St. John, Harold & Philipson, W. R. List of the flora of Oeno Atoll, Tuamotu 
Archipelago, south-central Pacifie Ocean Trans. Rov. Soe. New Zealand 
88: 401-403. Nov 1260 

Schweinfurth, Charles. Novelties in the orchid flora of the Guayvana Highlands 
Bot. Mus Leafl. 19: 195-214. pls. 27-07. 30 Jun 1961. 

Shaw, E. & Gibbs, R. D. Comparative chemistry and relationship of the Ham 
amelidaceae. Nature 190: 463, 464. 29 Apr 1961. 

Shrader, James F. A floristic study of Mercer County West Vir 
Proe. W. Va. Acad, 32: 131-133. Dee 1960 

Sleznick, James. Orchids of Grand Canyon National Park Am. Orchid Soe. 
gull. 30: 360-362. Mai 1961. 

Smith, Lyman B. Notable Bromeliaceae of the Lundell Herbariun Wrightia 


2: 64, 65. 30 Mai 1960, 
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Smith, Lyman B. Notes on South Amerier phanerogams—III Wrightia 
2: 90-102. 30 Mai 1960. 

Solbrig, Otto T. Note on Gymnosperma gluitinosum (Compositae-Astereae 
Leafl. West. Bot. 9: 147-150. 24 Mai 1961. 

Teuscher, H. Some Trichocentrums. Am. Orchid Soc. Bull, 30: 386-390. 
Mai 1961. 

Thieret, John W. A collection of plants from the Horn Plateau, District of 
Mackenzie, Northwest Territories. Canad. Field-Nat. 75: 77-83. 9 Jun 
196] 

Thieret, John W. The Scrophulariacea Buchnerene of Central America 
Ceiba 8: 92-101. Jan 1961. 

Tucker, John M., Cottam, Walter P. & Drobnick, Rudy. Studies in the Quereus 


ndulata complex. Il. The contribution of @ cus turbinella Am. Jour. 
Bot. 48: 329-339. 7 Apr 1961. 
Twisselmann, Errest C. Some weedy plants in Kern County, California, and 


parts adjacent. Leafl. West. Bot. 9: 142-146, 24 Mai 1961 

Van Ravesteyn, J. J. In search of Disa uniflora Am. Orchid Soe. Bull. 30: 
395-399. Mai 1961. 

Warnock, Barton H. Bahia Woodhouse n extreme western Texas Wrightia 
2: 74. 30 Mai 1960 

Weber, William A. Additions to the flora of Colorado—III Univ. Colo 
Stud. Biol. 7: 1-26. Mai 1961. 
Wells, Philip V. A new manzanita tretostaphylos hoove from the Santa 
Lucia Ronge, California. Leafl. West. Bot. 9: 152, 153. 24 Mai 1961. 
Wherry, Edgar T. Remarks on the genus Linanthus. Aliso 5: 9, 10. 15 Mai 
1961. 

Wherry, Edgar T. Remarks on the /pomopsis agagregata group Aliso 5: 5-8 
15 Mai 1961 

Yuncker, T. G. A new species of Cuseuta |longiloba| from Paraguay. Sy 


Bot. Tidskr. 55: 229. 2 Jun 1961. 


ECOLOGY AND PLANT GEOGRAPHY 
(See also under Fungi: Bredo) 

Brisco, C. B. Germination of cherrvbark and nuttal oak «acorns following 
flooding. Ecology 42: 480, 431. Apr 1961. 

Buell, Murray F. & Martin, William E. Competition between maple-basswood 
ind fir-spruce communities in Itasca Park, Minnesota. Ecology 42: 428, 
129. Apr 1961. 

Carvell, K. L. & Tryon, E. H. The effect of environmental factors on the 
abundance of oak regeneration beneath mature oak stands. Forest Sei. 

7: 98-105. Jun 1961, 

Crossley, D. A. & Howden, Henry F. I[nsect-vegetation relationships in an 
area contaminated by radioactive wastes. Ecology 42: 302-317. Apr 
1961. 

Detling, LeRoy E. The chaparral formation of southwestern Oregon, with 
considerations of its postglacial histery. Ecology 42: 348-357. Apr 1961. 

Duke, James A. The psammophytes of the Carolina fall-line sandhills. Jour. 
Elisha Mitchell Soc. 77: 3-25. Mai 1961. 

Egler, Frank E. A cartographic guide to selected regional vegetation litera 
ture.—Where plant communities have been deseribed. Part Il. South 


eastern United States. Sarracenia 6: 1-87. Mai 1961 
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Fowlie, Jack A. Ecology notes; Broughtonia sanguinea Am. Orchid Soe 
Bull. 30: 379, 380. Mai 1961. 

Fritts, Harold C. An analysis of maximum summer temperatures inside and 
outside a forest. Ecology 42: 436-440. Ap L961. 

Garcia, Enriqueta, Soto, Consuelo & Miranda, Faustino. Larrea y clima. 
Anal. Inst. Biol. México 31: 133-171. 9 pl. 1960 [17 Apr 1961]. 

Goldman, Charles R. The contribution of alder trees (Alnus tenuifolia) to the 
primary productivity of Castle Lake, California. Eeology 42: 282-288 
Apr 1961, 

Good, E. E. The original vegetation of Van Wert County, Ohio. Ohio Jour 
Sei. 61: 155-160. Mai |7 Jun] 1961. 

Habeck, James R. The original vegetation of the Mid-Willamette Valley, 
Oregon. Northw. Sei. 35: 65-77. Mai 1961. 

Hohn, Matthew H. The relationship between species diversity and population 
density in diatom populations from Silver Springs, Florida, Trans. Am. 
Mier. Soc. 80: 140-165. Apr 1961. 

Jeffrey, W. W. A prairie to forest succession in Wood Buffalo Park, Alberta 
Ecology 42: 442-444. Ap 1961, 

Laessle, Albert M. & Monk, Carl D. Some live ouk forests of northeastern 
Florida. Quart. Jour. Fli. Aead. 24: 39-55. Mar 29 Mai 1961. 

Lindsey, Alton A. Vegetation of the drainage-aeration classes of northern 
Indiana soils in 1830. Ecology 42: 432-436. Apr 1961. 

Lindsey, Alton A., Petty, Robert O., Sterling, David K. & VanAsdall, 
Willard. Vegetation and environment along the Wabash and Tippeeanos 
rivers. Ecol. Monogr. 31: 105-156. Apr 1961. 

McDonough, Walter T. A study of oldfield patterns Phvton Buenos Aires 
16: 85-95. Mar 1961. 

Maycock, Paul E. The spruce-fir forests of the Keweenaw Peninsula, northern 


Michigan. Keology 42: 357-365 Ap! 1961. 
Parker, Bruce C. Facultative heterotrophy in certain soil algae from the co 
logical viewpoint. Ecology 42: 381-386. Apr 1961 


Parker, Johnson. Seasonal trends in carbon dioxide absorption, cold resistance 
and transpiration of some evergreens. Ecology 42: 372-380. Apr 1961. 
Potter, Louise F. & Baker, Gladys E. The microbiology of Flathead and 
Rogers Lakes, Montana IT. Vertieal distribution of the microbial popula 
tions and chemical analyses of their environments. Ecology 42: 338-348 

Apr 1961. 

Ross, Philip. The plant ecology of the teak plantations in Trinidad Ecology 
42: 387-398. Apr 1961. 

Shacklette, Hansford T. Substrate relationships of some bryophyte communi 
ties on Latouche Island, Alaska. Brvologist 64: 1-16. Jul 1961. 

Sharp, Ward M. & Chisman, Henry H. “lowering and fruiting in the white 
oaks. I. Staminate flowering through pollen dispersal. Ecology 42: 365 
72. Apr 1961, 

Shields, Lora Mangum, Durrell, L. W. & Sparrow, Arnold H. Preliminary 
observations on radiosensitivity of algae and fungi from soils of the 
Nevada test site. Ecology 42: 440, 441. Apr 1961. 

Weaver, Harold. Ecological changes in the ponderosa pine forest of Cedar 
Valley in southern Washington. Ecology 42: 416-420. Apr 1961. 

Whittaker, R. H. Experiments with radiophosphorus tracer in’ aquarium 


microcosms Ecol. Monogr. 31: 157-188. Apr 1961. 
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Youngner, Victor B. Observations on the ecology and morphology of Pennisetiy 


clandestinun Phyton Buenos Aires 16: 77-84. Mar 1961 
GENETICS 
(including cytogenetics) 

Apirion, David & Zohary, Daniel. Chlorophyll lethal in natural populations 
of the orehard grass (Dectylis glomerata L.). A ease of balanced poly 
morphism in plants. Genetics 46: 393-399. 28 Apr 1961 

Bernstein, H. Imidazole compounds accumulated by purine mutants of Veuro 
spora crassa Jour. Gen, Microbiol. 25: 41-46. Mai 1961. 

Brown, Howard S&S. Differential chiasma frequencies in self-pollinating and 
cross-pollinating species of the genus Gila Aliso 5: 67-81. 15 Mai 1961 

Daday, H. & Greenham, C. G. Genetic studies on cold hardiness in Medicago 

fivra L. Jour, Hered, 31: 249-255. Nov—-Dee 1960. 

Dewey, Douglas R. Hybrids between clgropyron repens and Agrepyron des 


sa 


to Jour. Hered. 52: 13-21. Jan—VPeb 1961. 
Flangas, Arthur L. & Dickson, James G. The genetic control of pathogenicity, 
serotypes vill bility Puecinia sorah Am. Jour. Bot. 48: 275-285 


Apr 1961 
Garber, E. D., Wyttenbach, Ellen G. & Dhillon, T. S. Genetics of phyt 


pathoge) « f y \ Heteroearvyons involving formae of Fusa m Ory 
spo Am. Jour. Bot, 48: 325-329. 7 Apr 1961 
Giménez-Martin, G. & Lopez-Saez, J. F. Mutagénesis yx wecion del -y-hex 


clorociclohexane Phyto Buenos Aires 16: 45—55 Ma 196] 
Klein, Deana T. Interrelations between growth rate nd nuclear ratois il 


hetero ons of AN ospora Issa Mvyeolog 52: 137-147. 1960 
Jun 196] 

Mazoti, Luis B. Interaccion nucleocitoplasmati en herene | miniz 
Revista Fae. Agron, Univ. La Plata 35: 63-71. 27 Jan 1961 

Nielsen, Etlar L. ('ytology, seed-set, and breeding behavior of the putative 
inter-generic hybrid, Agroely s furne Am. Jour. Bot. 48: 340-344 


Apr 1961 
Nielsen, E. L. & Nath, J. Somatic instability in derivatives from Agroclymus 
furne resembling Agropyron repens Am. Jour, Bot. 48: 345-349. 7 
Apr 1961 
Oppenoorth, W. F. F. New possibilities in veast breeding Wallerstein Lab 
Com. 24: 29-45. Apr 196i 


Raper, John R. Tetrapolarity n NSehizophyll asciatuy Mycologia 52: 
334-336. 1960 [5 Jul 1961]. 

Riley, Ralph, Kimber, Gordon & Chapman, Victor. Origin of genetic control 
of diploid-like behavior of polyploid whent Jour Hered, 52: 22-25. 


Jan-Feb 1961 

Sand, Seaward A. Effects of flower node position on the mutable VO and 
stable R loci in a clone of Nicotiana Genetics 46: 569-574. 1 Jun 1961 

Schooler, A. B. Wild barley hybrids. Il. Hordeum marinum x Hordeum com 
pressum. Jour. Hered, 51: 243-246. Noy—Dee 1960, 

Schulz-Schaeffer, Jurgen. (‘ytological investigations in the genus Bromus IT. 
The cytotaxonomic significance of the satellite chromosomes, Jour. 
Hered. 51: 269-277. Nov—Dee 1960, 

Shifriss, Oved. Sex control in evneumbers. Jour. Hered, 52: 5-12. Jan-Feb 
1961 
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Tuveson, R. W. & Garber, E. D. Genetics of phytopathogenic fungi. ITV. Ex 
perimentally induced alterations in nuclear ratios of heterocaryons of 
Fusarium oxysporum f, pisi. Genetics 46: 485-492. 1 Jun 1961 

Waddle, B. M., Lewis, C. F. & Richmond, T. R. The genetics of flowering 
response in cotten. IIT. Fruiting behavior of Gossypium hirsutum race 
latifolium in a eross with a variety of cultivated American upland cotton. 
Genetics 46: 427-437. 28 Apr 1961. 

Wilson, James F., Garnjobst, Laura & Tatum, Edward L. Heterocaryon in 
compatibility in Neurospora crassa—micro-in jection studies, Am. Jour 


Bot. 48: 299-305. 7 Apr 1961. 


MORPHOLOGY 


(including anatomy and cytology i« irt) 


See ilso under Fungi Alexopoulos; Graham; Kramer; McVey & Gerdemann; 
under Plant Physiology Nakazawa) 


Boke, Norman H. Structure and development of the shoot in Dolicotheli 
Am. Jour. Bot. 48: 316-321. 7 Apr 1961. 


Carlquist, Sherwin. Pollen morphology of Rapateacenc Aliso 5: 59-66 
15 Mai 1961. 
Carlquist, Sherwin. Wood anatomy of Inuleae (Compositac Aliso 5: 21-37. 


15 Mai 1961 

Chopra, R. S. & Kumar, 8S. S. Induced diploidy i tfrichin favisetum. 
Brvologist 64: 29-36. Jul 1961. 

Emanuel, C. F. Rare tumor in coast redwood, Sequoia s pervirens. Seienes 
133: 1420, 1421. 5 Mai 1961. 

Herr, J. M. Endosperm development and associated ovule modifications in the 
genus Ilex L. Jour. Elisha Mitchell Soe. 77: 26-32. Mai 1961 

Lersten, Nels R. A compirative study of generation from isolated gametophy 
tic tissues in Mnium. Brvologist 64: 37-47. Jul 1961. 

Namda, K. K. Some observations on the emergence, growth and flowering of 
branches in Papaver rhoeas L. Phyton Buenos Aires 16: 27-43. Mar 1961 

Perdue, Robert E. A rapid Feulgen-acetocarmine squash technique for root 
tip choromosomes. Wrightia 2: 86-89. 50 Mai 1960 

Rosinski, Martin A. Development of the ascocarp of Ceratocystis ul Am 
Jour. Bot, 48: 285-293. 7 Apr 1961. 

Sun, C. N. Submicroscopic structure and development of the chloroplasts of 
Psilotum triquetrum Am. Jour. Bot. 48: 311-315. 7 Apr 1961 

Verma, 8S. C. (vtology of /soetes coromandelina. Am. Fern Jour. 51: 99-104 
Jun 1961 

PHY TOPATHOLOGY 
Anderson, R. G. The inheritance of leaf rust resistance in seven varieties of 


common wheat. Canad. Jour. Pl. Sei. 41: 342-359. pl. Apr 1961 

Athow, K. L. & Laviolette, F. A. The relation of seed-transmitted tobacco 
ringspot virus to soybean vield Phytopathology 51: 341, 342. 19 Mai 
1961. 


Bagnall, R. H. Recovery of virus X from leaves of graft-inoculated immune 
potato plants. Phytopathology 51: 338-340. 19 Mai 1961 
Barksdale, Thomas H. & Asai, George N. Diurnal spore release of Piricularia 
oryzae from rice leaves Phytopathology 51: 313-317. 19 Mai 1961 
Butler, Edward E. Transmission of Geotrichum rot of tomato fruit I 


Drosophila melanogast Phytopathology 51: 250-255. 12 Apr 1961. 


ss 
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Calpouzos, L., Delfel, N. E., Colberg, C. & Theis, T. Relation of petroleum 
vil composition to phytotoxicity and Sigatoka disease control on banana 
leaves. Phytopathology 51: 317-521. 19 Mai 1961, 
Chant, S. R. The use of Chenopodium amaranticolor in the study of Nigerian 
cowpea yellow mosaic virus. Phytopathology 51: 332, 333, 19 Mai 1961. 
Cormack, M. W. Longevity of the bacterial wilt organism in alfalfa hay, pod 
debris, and seed. Phytopathology 51: 260, 261. 12 Apr 1961. 
Daubeny, Hugh A. Powdery mildew resistance in’ strawberry progenies, 
Canad. Jour. Pl. Sei, 41: 239-243. Apr 1961, 
Fisher, Fran. E. Greasy spot and tar spot of citrus in Florida, Phytopathology 
51: 297-303. 19 Mai 1961. 
Gottlieb, David, Carter, H. E., Sloneker, J. H., Wu, Lung Chi & Gaudy, 
Elizabeth. Mechanisms of inhibition of fungi by filipin. Phytopsthology 
51: 321-330. 19 Mai 1961. 
Graham, K. M., Dionne, L. A. & Hodgson, W. A. Mutability of Phytophthora 
| infestans on blight-resistant selections of potato and tomato. Phyto 
pathology 51: 264, 265. 12 Apr 1961. 
Hale, M. G. & Roane, C. W. The nutrition of Melminthosporium carbonum 
race | in relation to parasitism of corn Phytopathology 51: 235-240, 
12 Apr 1961. 
Hsi, C. H. An effective technique for screening sorghum for resistance to 
charcoal rot. Phytopathology 51: 540, 341. 19 Mai 1961. 
Johnston, C. O., Hansnig, E. D., Sill, W. H., Duffield, P. C., Kramer, C. L. 
& King, C. L. Kansas phytopathological notes: 1958. Trans. Kan. Aead. 
64: 102-109. 26 Jun 1961 
Jones, John P. A leaf spot of cotton caused by Corynespora cassiicola, Phy 
topathology 51: 305-308. 19 Mai 1961. 
Klein, H. H. Effects of fungicides, oil, and fungicide-oil-water emuisions on 
lopment of Cercospora leaf spot of bananas in the field. Phyto 
pathology 51: 294-297. 19 Mai 1961. 
Knutson, Kenneth W. & Eide, Carl J. Parasitic aggressiveness in Phytoph 
thora infestans. Phytopathology 51: 286-290. 19 Mai 1961. 
Lockhart, C. L. Vonilinia twig and blossom blight of lowbush blueberry and 
its control, Canad. Jour, Pl. Sei, 41: 336-341. Apr 1961. 
Lownsbery, B. F. & Viglierchio, D. R. Importance of response of Meloidogyne 


deve 


hapla to an agent from germinating tomato seeds. Phytopathology 51: 
219-221. 12 Apr 1961. 
McDonald, W. C. A comparison of ascospore carriers for inoculating alfalfa 
with Pseudoplea trifolii Phytopathology 51: 261, 262. 12 Apr 1961. 
Mirocha, C. J. & DeVay, J. E. A rapid gas chromatographic method for de 
termining fumaric acid in fungus cultures and diseased plant. tissues 
Phytopathology 51: 274-276. 19 Mai 1961. 

Muller, Albert S. & Roberts, D. A. Plant disease records at Zamorano Hon 
duras, IT, August, 1960. Ceiba 9: 49-54. Mar 1961. 

Nash, Shirley M., Christou, Theodosios & Snyder, William C. Existence of 
Fusarium solani f. phascoli as chlamydospores in soil Phytopathology 
51: 308-312. 19 Mai 1961. 

Nelson, R. R. Evolution of sexuality and pathogenicity. Il. A comparison of 


the pattern of sexuality in Cochliobolus victoriae and related species 


Phytopathology 51: 222, 228. 12 Apr 1961. 








BULLETIN OF THE TORREY BOTANICAL CLUB 


Pavgi, M. S. & Dickson, J. G. Influence of environmental factors on develop 


ment of infection structures of Puecinia sorgh Phin top itholog, 61: 224 
226. 12 Apr 1961 
Prend, J. & John, C. A. Method of isolation of Erwinia tracheiphila and im 


proved inoculation technique Phytopathology 61: 255-258. 12 Apr 1961 
Skotland, C. B. Infection of hop crowns and roots by Pseudoperonospora 
h ili and its relation to crown and root rot and overwintering f the 


pathogen Phytopathology 51: 241-244. 12 Apr 1961 

Spalding, D. H., Bruehl, G. W. & Foster, R. J. Possible role of pectinolytic 
enzymes and polysaechari wle in pathogenesis by Cephalospo gray 

in wheat Phytopathology 51: 227-235. 12 Apr 196 

Sprague, Roderick, Fischer, William R. & Figaro Pessybeth \nother sel 
rotial disease of winter wheat in Washington. Phytopathology 51: 354 
36. 19 Mai 1961 

Staffeldt, E. E. Observations on ophil preservation and storage of Puyth 
species, Phytopathology 51: 259. 12 Apr 1961 

Stotzky, Guenther, Dawson, J. E., Martin, R. Torrence & Kuile, C. H. H. ter 

d of Fusa vilt of ban Ss ‘ 


Sor miner tlogy is factor mm spre 


133: 1483-1485. 12 Mai 1961 
Sudia, T. W., Wood, F. A. & Wilcoxson, R. D. Some effects of alpl rradiation 
on Gibberella fuiil ) Phytopathology 51: 336, 337. 19 M v6] 
Theis, T., Murphy, H. C., Simons, M. D., Calpouzos, L., McVey, D. V. & 
Porter F. M. Oat varieties with adult-plant field resistance to race 264 of 
e crown rust fungus. Phytopathology 51: 303-305, 19 Mai 1961 
Thompson H. S&S. Control of powcds ! ew on tuberous B aiy 
Canad, Jour. Pl. Sei, 41: 227-230. Apr 1961 


+ 


t} 


Thompson, H. S. Corm treatments for the control of ¢ wia corm rot 
Gladiolus in Canad Canad, Jour, Pl. Se 41: 268-271. Apr 1961 
Viglierchio, David R. A simplified technique for hatching tests H 
chacht Phytopathology 51: 30-332. 19 Mai 1961 
Ward, Henry 8S. & Diener, Urban L. Biochemical changes in shelled peanuts 
ied by storage fungi |. Effects of Aspe llus tamarti, four species of 
1 Jlaucus group, and Per /] eit P) vtopatholog 51: 244 


50. 12 Apr 1961. 

Weathers, L. G. & Calavan, E. C. Additional indicator plants for exocortis 
ind evidence for stran ifferences in the virus Phy mitho 6 
264. 12 Apr 1961. 

Weintraub, M., Kemp, W. G. & Ragetli, H. W. J. Some observations on hypet 


sensitivity to plant viruses. Phytopathology 51: 290-293. 19 Mai 1961 
Weintraub, M. & Ragetli, H. W. J. Cell wall composition of leaves with 
localized virus infection Phytopathology 61: 215-219. 12 Apr 1961 


Wilson, Charles L. Study of the growth of Ceratocystis fagacearu) n oal 
wood with the use of autoradiograms. Phytopathology 51: 210 15. 32 
Apr 1961 

PLANT PHYSIOLOGY 
(See also under Fungi: Kramer & Pady; Kebbins & Hervey) 

Agnihotri, V. P. & Mehrotra, B. S. The amino acid composition of some 
iscosporie members of the Aspergillus nidulans group. Lloydia 24: 41 
44. 28 Apr 1961. 

Baalen, C. Van. Vitamin B,, requirement of a marine blue-green alga. Sciene 
133: 1922, 1923. 16 Jun 1961. 
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Bach, Michael K. Mechanism of stimulation of respiration by purines: I. 
Inhibitor studies. Pl. Physiol. 41: 317-322. Mai 1961. 

Benson, N. R., Degman, E. S. & Chmelir, I. C. Translocation and re-use of 
boron in broccoli. Pl. Physiol. 41: 296-301. Mai 1961 

Bird, L. S. & Ergle, David R. Seedling growth differences of several cotton 
varieties and the influence of gibberellin Agron. Jour. 53: 171, 172. 
20 Mai 1961, 

Bray, J. R. An estimate of a minimum quantum yield of photosynthesis based 
on ecologic data Pl. Physiol. 41: 371-373. Mai 1961. 

Britton, G. & Housley, S. Chromatography of water-soluble auxins in imma 
ure corn kernels. Phvyton Buenos Aires 16: 1-19. Mar 1961. 

Castle, E. 8S. Phototropie inversion in Phycomuyces Science 133: 1424, 1425 
5 Mai 1961 


Chu, F. S. & Lilly, Virgil Greene. Factors affecting the production of caro 


+ 


tene by Choanephora cue bitarum Mveologia 52: 80-96, 1960 2 Jun 
1961 


Daniel, J. W. & Rusch, H. P. Th: pure eulture of Physa m polycephalum on 


partially defined soluble medtum Jour. Gen. Microbiol. 25: 47-59. Ma 
1961 
Darlington, H. T. & Steinbauer, G. P. The eightv-v« period for Dr. Beal’s 


seed Vv 1 experiment. Am. Jour. Bot. 48: 321-325. 7 Apr 1961. 
Etheridge, David E. & Pomerleau, René. Identity of « fungus causing blue 


stall n ! sam fit S« nee 183: BOBL, ZOUGBS Jun OH] 


Fredrick, Jerome F. Immunochemical studies of phosphorvlases of Cyanoph 
Phyton Buenos Aires 16: 21-26. Mar 1961. 
Fritschen, Leo J. & Shaw, R. H. Evapotranspiration for corn as 


pan evaporatio Agron. Jour. 53: 149, 150. 20 Mai 1961 
Galun, Esra. Gibbers ( wel is a tool for the estimation of the time interva 
betwee! physiologicea ined morphologic il bisexualitv of cueumbls floral 
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Pady, S. M., Kramer, C. L. & Pathak, V. K. Suppression of fungi by light 
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88 


1961) 


INDEX TO AMERICAN BOTANICAL LITERATURE 
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preparative medium. Pl. Physiol. 41: 302-309. Mai 1961. 
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Bibliography. 111-121. Mai 1961 

Sisler, H. D. Carroll Eastburn Cox. 1911-1960. Phytopathology 51: 269. 19 
Mai 1961. 

Thomas, John H. The Gautier Herbarium. Contr. Dudley Herb. 5: 143-145. 
31 Mai 1961 

Thomas, John H. The history of botanical collecting in the Santa Cruz Moun 


tains of central California. Contr. Dudley Herb. 5: 147-168. 31 Mai 1961. 


385 





How many years would it take 
to replace your collection? 


-gutedd your vleidly 
GOCE wit 
MEPL 7 


HERBARIUM 
CASES 


Maximum Protection At The Same 
Cost Of Ordinary Cabinets! 


Are you giving your valuable col- 
lection proper protection? Only 
Lane Herbariums are engineered 
specifically for protection against 
all the elements including infesta- 
tion and theft and contain such 
Air-Tight 


exclusive features as: double walled 
construction 


@ Air-tight double wall construction 
@ Insect-proof foam plastic seals 

@ Fumigant compartments 

@ Key-lock handles 

@ “Swing-Away’” lift off hinges 

@ Three-point locking system 





